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Foreword 


I am very fortunate to have had the opportunity to write the foreword for this excellent piece 
of work, Atlas of Ultrasound Guided Musculoskeletal Injections, inspired and created by Drs. 
Spinner, Kirschner, and Herrera. 

The use of ultrasound to diagnose and treat musculoskeletal conditions is an evolving and 
incredible medical skill. We now have the ability to go beyond palpation and physical exami- 
nation maneuvers and truly visualize neuromusculoskeletal structures and their spatial rela- 
tionships and dynamic interactions. We can do focused visual evaluations seeing structures 
and specific tissue planes and dynamically visualize obvious and subtle defects. 

Structures such as nerves and tendon sheathes can now be clearly visualized while we direct 
our treatments more precisely adjacent to them while avoiding injecting within their substance. 
Equally, if not more importantly, we can visualize vascular and other structures we want to 
avoid. This leads to improved, safer, and more comfortable treatments. 

Ultrasound is also an evolving supplemental tool in the interventional spine field. For the 
last several decades, our spinal treatments have improved in efficacy and safety due to fluoro- 
scopic techniques. They have improved even further with contrast installation and more 
recently with digital subtraction usage. I anticipate that these spinal ultrasound techniques will 
not replace, but supplement , fluoroscopy in the evolving spinal intervention treatment field. As 
the ultrasound technology and resolution improve, we will get improved visualization of the 
nerves we want to treat and the vessels we want to avoid, along with the landmarks we know 
from fluoroscopically performed spinal procedures. 

This Atlas is an enormous and distinctive contribution to the evolving ultrasound field. It 
comprises essential musculoskeletal ultrasound topics important to physiatrists, sports medi- 
cine physicians, orthopedists, rheumatologists, and others devoted to the treatment of muscu- 
loskeletal disorders. The Atlas is unique since it also presents evolving understanding of spinal 
ultrasound options and controversial subjects including ultrasound-guided spasticity, myofas- 
cial pain syndrome, and biologic treatments. 

This Atlas will be sure to have a profound impact on the education of musculoskeletal spe- 
cialists, residents, and fellows. This Atlas is a representation of the commitment Drs. Spinner, 
Kirschner, and Herrera have as passionate teachers and educators. They have gone to great 
length and detail to present a plethora of appropriate musculoskeletal references and evidence- 
based medicine relevant to each procedure. 

This Atlas is truly a work of art based on what now would seem simple premises. This is a 
succinct visual reference with figures, pictures, and diagrams to facilitate an easy understand- 
ing of the core concepts on patient presentation, relevant anatomy, and sonoanatomy. Common 
colors, symbols, and photographs are closely incorporated throughout the book to underscore 
a clear, consistent visual presentation. There is emphasis on safety and avoiding relevant struc- 
tures while performing these ultrasound-guided procedures. This approach makes some very 
complex procedures easier, more efficient, and safer to perform. 


IX 
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As a result, you will have a better understanding of how to interpret and perform the proce- 
dures presented in this Atlas in a more efficient and safer way than you ever did before. We 
owe a great deal of gratitude to Drs. Spinner, Kirschner, and Herrera for this significant 
contribution. 
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Director, 
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Preface 


Atlas of Ultrasound Guided Musculoskeletal Injections is intended to be a comprehensive 
source of ultrasound-guided techniques to help physicians in their practice to heal, decrease 
pain, and increase their patients’ quality of life. Advances in ultrasound technology have cre- 
ated an environment where the ultrasound probe has become our stethoscope. It helps both 
diagnostically and therapeutically by guiding a needle and its contents to a pain generator to 
provide relief. The book is not intended to support the use of corticosteroids or other injectates 
or to abuse overutilization of ultrasonography. The proper use of musculoskeletal ultrasound 
in properly trained hands can provide diagnostic and therapeutic benefits to patients. Never 
before in medicine has an office-based technology allowed us to visualize anatomic structures 
in a dynamic way. 

There are currently other books that provide a comprehensive approach to musculoskeletal 
scanning/sonography. This book is designed to provide the most up-to-date evidence where 
available for performing the related musculoskeletal injections. It is intended for neuromuscu- 
lar physicians in Physiatry, Orthopedics, Neurology, Pain, and Rheumatology. We encourage 
further technical advances and techniques on how to perform injections as well as research and 
cost-effective analysis on using musculoskeletal ultrasound. 

The book does not replace the time required to practice scanning and injecting. The editors 
of this book spend time each year practicing new and different injection techniques on cadav- 
ers with follow-up dissections to continually improve our skills, as well as lecturing and taking 
ultrasound courses ourselves. 

Users of this book should be looking for ways to enhance and improve patient care by pro- 
viding the safest injection techniques, whether anatomical (blind), ultrasound, fluoroscopy, or 
CT guided. We support the use of whichever technique provides the best and safest 
outcomes. 

Musculoskeletal medicine is an exciting and growing specialty. We are encouraged by the 
many ways ultrasound enhances our current abilities to practice and treat patients, and we are 
excited for whatever the future and its research and technology have in store. 

Basic ultrasound pictures are provided to enhance the terms, concepts, and procedures 
described. No other book provides in one place the breadth or detail of musculoskeletal spe- 
cific injections as may be found in this 1 st edition of Atlas of Ultrasound Guided Musculoskeletal 
Injections. 


Brookline, MA, USA 


David A. Spinner, DO, RMSK 
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Introduction 

Jonathan S. Kirschner 


Background 

Physical medicine was initially named not based on the treat- 
ment of musculoskeletal conditions but the use of physical 
modalities, including electrical stimulation, diathermy, heat, 
cold, and ultrasound. The American Institute of Ultrasound 
Medicine, broadly recognized as the premier association for 
medical ultrasound, was originally founded in the 1950s by 
24 physical medicine and rehabilitation physicians with a 
common interest in ultrasonic energy as a medical tool [1]. 
The use of ultrasound in obstetrics, cardiology, and emer- 
gency medicine grew exponentially from the 1960s onward. 
As ultrasound technology improved, the ability and the way 
physical medicine and rehabilitation is practiced transformed 
as well. Whether a specialist in spinal cord injury, traumatic 
brain injury, sports medicine, pain management, or pediat- 
rics, ultrasound can play a role in the diagnosis and treatment 
of your patients. 

If you are reading this book, then you already under- 
stand the benefits that ultrasound guidance can provide. 
Ultrasound has excellent soft tissue resolution (better than 
MRI), has no radiation, has no known contraindications 
(anyone can have one), and it is portable, hands-on, inter- 
active, and dynamic. Patients can provide their own con- 
trol (contralateral side); you can image around hardware, 
sutures, and screws; and you can perform an immediate 
therapeutic intervention. 

You can also understand its pitfalls. It is operator depen- 
dent (but isn’t life?) and can be time intensive. There is 
increased cost, but perhaps cost savings in the long run 
from more accurate placement of medications and the 
avoidance of further diagnostic and therapeutic procedures, 
earlier return to work or sports, and improved well-being 


J.S. Kirschner, MD, FAAPMR, RMSK 
Interventional Spine and Sports Medicine Division, 

Department of Rehabilitation Medicine, 

Icahn School of Medicine at Mount Sinai, New York, NY, USA 
e-mail : j onathan. kirschner @ mountsinai.org 


and function. There is a limited field of view, decreased 
resolution at high depth, and an inability to image through 
or inside of bone. 

This book is designed to describe comprehensive injec- 
tion techniques for targets encountered in a typical physiat- 
ric, orthopedic, rheumatologic, and pain or sports medicine 
practice. Common injections for spasticity, sports medicine, 
and pain management will be reviewed including joint, ten- 
don, ligament, bursa, muscle, biologies, trigger points, and 
botulinum toxin. This book is a reference but not a substitute 
for hands-on training and practice with experienced mentors 
in a supervised setting. 

Each section will discuss the relevant local anatomy, 
structures to target or to watch out for. Recommended equip- 
ment, injection setups, and sample injectates will be pro- 
vided. Pearls and safety considerations will be discussed. 
The choice of injectate is up to the individual provider and 
may include any combination of local anesthetic, corticoste- 
roid, hyaluronic acid, platelet-rich plasma, prolotherapy, and 
possibly stem cells in the future. Injectates provided are sug- 
gestions only ; this is always patient and operator 
dependent. 

For each type of injection, relevant evidence on the accu- 
racy of different approaches will be included. Multiple meth- 
ods may be presented to accommodate different patient or 
practitioner preferences. 


Ultrasound Terms 

Ultrasound works using a reverse piezoelectric effect [2]. 
Electrical energy is transmitted through a crystal that vibrates 
to create sound waves. “Ultra” sound is >20 kHz; we are 
operating in the MHz range. 

Ultrasound waves become attenuated as they pass through 
tissue, losing some of their energy. This increases at higher 
frequencies. Some waves are absorbed and turned into heat. 
Others diverge when waves are emitted from the transducer 
at an angle and do not return back to be processed. Deflection 
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Fig. 1 .1 (a) Example of short-axis (to the nerve) in-plane (to the needle) injection, (b) Example of short-axis (to the nerve) out-of-plane (to the 
needle) injection 



/ \ 

Out- 

of- 

plane 


Fig. 1.2 When the needle is inserted in-plane it can be seen in its 
entirety, tip always in view. When the needle is inserted out-of-plane, 
only a cross section of the needle can be visualized and you cannot tell 
how deep it has advanced 


includes reflection, refraction, and scattering. Refraction 
occurs when there are two fluid interfaces, changing direc- 
tion of the wave as it passes from one another. Reflection 
occurs when some of the propagating sound energy strikes a 
boundary between two media and returns to the transducer. 
Scatter is reflection and refraction of waves away from the 
transducer [3]. 

The probe position may be described in anatomical terms 
or relative to the direction the structure is traveling. For exam- 
ple, the probe may be placed in the coronal, sagittal, or axial 
plane. It also may be “short axis,” obtaining a cross-sectional 


view of a given structure, such as an axial view of the median 
nerve at the wrist. It may be “long axis” to the structure, 
which in the same example would be a sagittal view of the 
median nerve at the wrist [4, 5]. 

Injections, on the other hand, can be “in-plane” or “out- 
of-plane.” In-plane means the needle is inserted parallel to 
the transducer, and the entire needle shaft (and tip) is visual- 
ized along its course. Out-of-plane means the needle is 
inserted perpendicular to the transducer (Figs. 1.1, 1.2). 


Setting Up an Exam 

First and foremost, the practitioner must be in a comfortable 
and ergonomic position to perform an injection. Next the 
patient must be comfortable. Injections can be done with the 
patient seated, supine, side-lying or prone. For patients prone 
to vasovagal responses or with poor balance or trunk control, 
seated is not recommended. For anxious patients, oral anxio- 
lytics may be needed on occasion. For cervical procedures, 
an intravenous line may be placed. Risks, benefits, and alter- 
natives of all procedures should be discussed with the patient 
and their family, and informed consent obtained. Common 
risks to all injections include bleeding, infection, worsening 
pain, allergic reaction, nerve damage, tendon, or ligament 
rupture. Risks specific to corticosteroids include local atro- 
phy or skin depigmentation, increased blood pressure or 
sugar, mood swings, insomnia, rash, and flushing, but these 
are rare at the doses most commonly used. 

The appropriate type of machine and transducer should then 
be selected. High-frequency linear array transducers (usually 
10 MHz+) have higher resolution and have allowed the growth 
in musculoskeletal ultrasound (MSK-US) to be possible [6]. 
They are usually preferred for injections and come in wide, 
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Table 1 .1 Transducers and frequency 

Type of transducer 


Frequency 


Linear 

More accurate, less anisotropy 

High frequency (10 MHz+) 

Better resolution, less depth 

Curvilinear 

May help with needle visualization 
Larger footprint 

Low frequency (5-2 MHz) 

Poorer resolution, better depth 

Hockey stick 

Smaller footprint for interventions 

High frequency (10 MHz+) 

Better resolution, less depth 



Bad ^ Better ^ Best 

Fig. 1.3 Hold the transducer firmly while bracing the pinky or ulnar side of the hand on the patient for added control 


medium, or small footprint “hockey-stick” sizes. Certain struc- 
tures are more easily injected with small footprint probes (fin- 
ger, toe joints), but usually the larger the footprint, the better 
because greater areas of tissue can be scanned at a time. 

Low-frequency (curvilinear) transducers are helpful for 
imaging deeper structures, have large footprints, but have 
poorer resolution. They usually run in the 2-6 MHz range. It 
is easier to localize a needle at the beginning of an injection 
because the ultrasound beams are directed perpendicularly at 
the obliquely oriented needle; as the needle is advanced, the 
center of the transducer now emits beams 90° to the skin but 
oblique to the advancing needle. The transducer must be 
“heel-toed” or “rocked” to promote a more perpendicular 
beam orientation (Table 1.1). 

Once the appropriate machine and transducer are selected, 
input the patient’s demographics and adjust the presets (small 
parts, MSK, superficial, etc.). Many machines also come with 
needle enhancement software, which directs the beam more 
perpendicular to the needle rather than the skin. While helpful 
in some cases, these software tools are in no way as helpful as 
proper technique in maximizing needle visualization. 

Place gel and a probe cover, followed by additional gel, 
then apply the probe. Grab the probe firmly and always brace 


the hand scanning against the skin. Once an image is 
obtained, identify a bony landmark and work off of that. 
Optimize the image by adjusting the depth, then focal zone. 
The number and width of focal zones can often be adjusted. 
The time gain compensation (TGC) can also be tuned to 
optimize visualization of structures at specific depths by 
selectively directing the sound beams, reducing attenuation 
and absorption. The last thing to adjust is the gain, which 
changes the overall brightness of the screen (Fig. 1.3). 

Doppler mode can be used to identify flow. This is helpful 
in identifying blood vessels but can also be used to detect 
needle movements or small amounts of injectate, improving 
needle localization in difficult cases. Color Doppler shows 
directional flow, but Power Doppler is more sensitive for 
picking up movement. 


Tissue Characteristics 

Anisotropy occurs when sound beams exiting the transducer 
are not at 90° to the target. It must be adjusted for before 
declaring pathology. Correct it with “heel-toe,” tilting or 
rocking the transducer (Table 1.2). 
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Table 1 .2 General ultrasound terms 


Echogenicity - the capacity of a structure in the path of an ultrasound beam to reflect back sound waves 


► 


Anechoic 

Isoechoic 

Hypoechoic 

Hyperechoic 

No internal 

Same echogenicity as the 

Low reflective pattern, manifesting as an area where 

High reflective pattern appears 

echoes 

surrounding soft tissues 

the echoes are not as bright as the surrounding tissue 

brighter than the surrounding tissue 

Examples: 

Blood vessels 


Tendinosis 

Calcifications 

Fluid collections 


Tears 

Bone 

Cartilage 


Fluid collections 

Ligaments, tendons 

Cartilage (uncovering sign) 


Tendons appear as a fibrillar pattern of parallel hyper- 
echoic lines in the longitudinal plane and hyperechoic round- 
to-ovoid shape (cut broom-end) in the transverse plane. They 
are very subject to anisotropy and so may appear hypoechoic 
if not visualized perpendicular to the transducer (i.e., biceps 
tendon). Follow tendons to their musculotendinous junction 
if you are not sure you are seeing tendon. 

Ligaments appear similar to tendons with an intermediate 
echogenicity. They are structurally more dense, therefore 
more compact and fibrillar. They are also subject to anisot- 
ropy but less so. 

Muscle appears as hypoechoic interstitial tissue inter- 
spersed with hyperechoic fascial planes. In the longitudinal 
plane, they have a pennate architecture. In the transverse 
plane, they have a “starry sky” appearance. 

Nerves are less densely packed therefore less echogenic 
than tendons or ligaments but regular and fascicular. They 
have a train-track appearance in the longitudinal view and a 
honeycomb appearance in cross section [7]. They are less 
subject to anisotropy than tendons, which helps distinguish 
them in areas like the carpal tunnel. With nerve pathology 
you will see proximal hypoechoic swelling, an area of com- 
pression, then distal tapering. Indirect signs of nerve pathol- 
ogy are atrophy of the muscles innervated by that nerve 
(Fig. 1.4). 

When examining joints, look for two articulating sur- 
faces, fat pads, a capsule, and an intervening meniscus or 
synovial fold. Look for increased anechoic or hypoechoic 
fluid, fat pad displacement, or a “Geyser sign” to suggest 
effusion. Differentiate compressive effusions from non- 
compressible synovial hypertrophy, cartilage, or debris. 

Hyaline cartilage lines articular surfaces of joints and 
appears as a thin hypoechoic rim paralleling the echogenic 
articular cortical surface. Because it is very hypoechoic, it 
may be confused for fluid. Due to the property of reflection, 
when there is a defect in the structure just superficial to the 
cartilage, increased sound waves can penetrate and bounce 
off of the cartilage, creating a hyperechoic line called the 
“cartilage uncovering sign.” A large area of echogenic mate- 
rial lining the cartilaginous surface suggests pseudogout. 
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Fig. 1.4 Example of median nerve compression at the wrist, 
hypoechoic with proximal swelling 

Bone cortex appears as an echogenic surface with poste- 
rior shadowing. Only the superficial surface of the bone can 
be consistently evaluated. Occult fractures may be seen as a 
“step-off’ cortical disruption. Look for erosions or cortical 
irregularity in arthritis or tendinosis. Bony spurs at tendon or 
ligament insertion sites suggest enthesopathy. 


Interventions 

All potential injection sites should be scanned for relevant 
pathology, structures to avoid, and anomalous anatomy. It is a 
requirement, in fact, to document findings when billing for an 
ultrasound-guided procedure. Blood vessels, nerves, pleura, 
and other “safety” areas should be marked. Blood vessels can 
be seen with Doppler mode. Small nerves may not be well 
visualized, but many run with arteries so Doppler mode can 
identify the appropriate region or tissue plane to target (i.e., 
suprascapular nerve) even if the nerve is not directly seen. 
Constantly rock the transducer side to side (“toggling”) or 
back and forth (“heel-toe”) to improve image quality. 

The preferred method of ultrasound-guided injection for 
most procedures is the in-plane approach, because the needle 
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Fig. 1 .5 Example of needle 
trajectory 


a 



b 


Yes 


No 



and tip can be visualized along their entire course. Optimal 
imaging occurs when the needle is parallel to the transducer 
(sound beams perpendicular to the needle). The injectionist may 
have better visualization by starting further away from the trans- 
ducer and using a longer needle at a flatter trajectory (Fig. 1.5). 

Out-of-plane is less desirable because the needle is only 
seen as an echogenic dot, so once the needle passes under the 
transducer there is no way of knowing how far it is advanc- 
ing. One way to correct for this is to advance the transducer 
after every needle advancement, so that the needle is never 
advanced beyond where it is seen directly under the trans- 
ducer. Another method is the “walk-off’ method, whereby 
the needle is inserted until it just appears under the trans- 
ducer, then is retracted and redirected deep, then retracted, 
etc. until the correct depth is reached. 


Tips and Tricks 

Larger needles do not necessarily improve visualization, 
being parallel to the transducer and directly under the trans- 
ducer at all times is much more helpful. There are echogenic 
needles on the market but these add cost and are of variable 
utility. A styletted spinal needle may be more helpful because 
the stylet can be rapidly inserted and removed or “jiggled” to 
increase sound reverberation and brighten the needle tip. 
Look for needle reverberation artifacts which occur when the 
needle is perfectly lined up. 

Sometimes the target structure is so superficial or at such 
a steep angle that it is very difficult to advance a needle with 
adequate visualization. As mentioned above, the steeper the 
needle insertion angle, the more difficult it is to see. In these 



Fig. 1 .6 Example of gel standoff positioning 

situations, a gel “standoff’ may be used. With this technique, 
a mound of gel is placed under one end of the transducer 
while the other is anchored down on the skin. The needle is 
either introduced through this gel or just proximal to it. This 
allows the needle to be more parallel to the transducer for 
better imaging (Fig. 1.6). 

Insert the needle quickly since breaking the skin is the 
most painful part of the injection. For local anesthesia, create 
a wheal of lidocaine or use ethyl chloride spray. Advance the 
needle just deep enough so that its leading edge is located 
directly under the transducer, optimizing the image to find 
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the needle. Make sure the transducer is directly over the nee- 
dle, the needle is parallel, and the angle is not too steep. 
Rotate the transducer clockwise or counterclockwise if you 
can see part of the shaft but not the whole needle or tip. Heel- 
toe (especially in obese patients) to get the needle more par- 
allel to the transducer. Now advance the tip toward the 
intended target or retract and direct at a different angle. If 
you cannot see the tip, try rotating the needle and look for the 
sound beams reflecting off of the irregularly cut bevel. 

Once at the intended target, inject some lidocaine or nor- 
mal saline to confirm the correct location by watching the 
spread of the hypoechoic fluid. Injecting into a joint, the fluid 
will often seem to disappear (knee) or distend the joint cap- 
sule (acromioclavicular), whereas when in a fat pat or soft 
tissue, it will ball up. When perineural or peritendinous, you 
may see a “donut sign.” When intratendinous or intraliga- 
mentous, there will be high pressure. If injecting corticoste- 
roids or platelet-rich plasma (PRP), the injectate will be 
hyperechoic, especially at the end. Shaking up the medicine 
beforehand induces air bubbles which can act as a contrast 
medium. If you cannot see where the injectate is going, turn 
on Doppler to see a flash and help localize the needle tip. 

For percutaneous needle tenotomies (aka barbitage, fen- 
estration), a larger needle is often used after local anesthesia 
is given. The needle is retracted and redirected toward the 
more damaged (hypoechoic) or calcific (hyperechoic) areas. 
Infiltration of lidocaine or saline can help break up these cal- 
cifications. To cover a large area of tendinopathy, a “K or 
Kirschner turn” can be used. Analogous to parking terms, the 
needle is inserted in-plane, retracted, the transducer rotated 
clockwise or counter clockwise, and the needle reinserted 
in-plane. This process is repeated, allowing the injectionist 
to cover a large area of tendon with one skin insertion. 


How to Use This Book 

To remain consistent throughout the book, all injections con- 
tain a summary of clinical presentation, relevant local anat- 
omy, and evidence-based treatments, if available. Each will 


have corresponding pictures that show the patient position- 
ing and setup, normal ultrasound anatomy, and ultrasound 
anatomy with the needle in position. The needles will be 
denoted by white arrows, the needle tip by a white arrow- 
head. Needle reverberation artifact will be denoted by brack- 
ets. Black arrows and arrowheads refer to miscellaneous 
anatomy. Blood vessels will be shown as they appear on 
Doppler imaging or as an arrow with a line over it. Muscle 
and tendon are orange, purple, or occasionally magenta. 
Nerve is yellow. Ligaments, tendon sheathes, and aponeuro- 
ses are neon green. 

We hope you find this book useful as a reference for com- 
monly performed musculoskeletal injections. Keep it handy 
in the clinic. Residents or fellows can read up on a procedure 
they have not seen before, performing preliminary scanning 
and setting the patient up. Experienced practitioners can 
refresh their memory performing an injection they haven’t 
done in a while. We hope others will use it to stimulate 
thought on different, better ways to perform injections accu- 
rately and safely. This is an evolving field and the techniques 
described here are expected to grow as well. 
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The shoulder is an excellent region for the use of ultrasound- 
guided diagnosis and intervention due to its high injury prev- 
alence and the superficial nature of commonly injured 
structures [1]. The shoulder girdle, composed of the scapula, 
clavicle, and proximal humerus, gives rise to the glenohu- 
meral (GH), acromioclavicular (AC), and sternoclavicular 
joints. The deltoid, long head of the biceps brachii, and rota- 
tor cuff muscles (the supraspinatus, infraspinatus, teres 
minor, and subscapularis) facilitate shoulder movement in 
almost every plane [2]. The biceps tendon sheath, AC and 
GH joints, and subacromial/subdeltoid bursa (SASDB) are 
common sites for injection. There are also newer promising 
interventions, including prolotherapy, percutaneous needle 
tenotomy, and platelet-rich plasma, targeting rotator cuff ten- 
dons with ultrasound guidance. 


Long Head of Biceps Brachii Tendon Sheath 

Inflammation of the biceps tendon or sheath (tenosynovitis) 
from isolated injury or overuse is a common source of shoul- 
der pain [3]. As the tendon passes through the bicipital 
groove of the humerus toward its insertion onto the superior 
labrum, it is exposed over the anterior region of the shoulder. 
The long head of the biceps contributes to humeral head sta- 
bility, especially during abduction and external rotation [4] . 
Presenting symptoms may include anterior shoulder pain 
and discomfort. Injections to the biceps tendon sheath are 
historically performed blind. 
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A recent study by Hashiuchi et al. (Table 2.1) demon- 
strated that 86.7 % of ultrasound-guided injections achieved 
contrast within the tendon sheath compared to 26.7 % per- 
formed with the blind technique. Of those that were per- 
formed blind, another 33 % were completely outside the 
tendon sheath compared to 0 % when ultrasound was utilized 
[5]. Gazzillo et al. demonstrated that palpation-guided needle 
placement locating the long head of the biceps tendon was 
accurate only 5.3 % of the time without ultrasound 
verification [6]. 

Scanning Technique and Anatomy to Identify 

For an optimal view of the biceps tendon, the patient’s hand 
should be supinated with the elbow flexed, lying on the ipsi- 
lateral thigh. With the transducer placed in the axial plane 
over the proximal humerus, the hyperechoic tendon of the 
long head of the biceps brachii can be visualized within the 
bicipital groove. The transverse humeral ligament lies super- 
ficial to the tendon. The subscapularis tendon can be seen 
medially. Using Doppler imaging, the ascending branch of 
the circumflex humeral artery may be visualized laterally. 
Turn the transducer 90° to view the tendon longitudinally. 
Sweep medially to view the pyramid shape of the lesser 
tuberosity (Fig. 2.1) [7]. 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Sit the patient with the hand supinated 
and elbow flexed. 

Probe positioning: Place the transducer in the axial 
plane on the patient’s proximal humerus, visualizing the 
greater and lesser tuberosities and the bicipital groove 
(Fig. 2.2a). 

Markings: Identify the ascending branch of the circum- 
flex humeral artery using power Doppler imaging. This 
vessel runs up the lateral side of the bicipital groove. 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-l-4614-8936-8_2, © Springer Science+Business Media, LLC 2014 
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Table 2.1 Accuracy of blind vs. ultrasound-guided LHBT injection 

Type 1 Type 2 Type 3 

Author Location of injectate Within tendon sheath Inside tendon, tendon sheath, and surrounding area Outside tendon sheath 

Hashiuchi, 201 1 Ultrasound-guided 86.7 % " 13.3 % 0 % 

Unguided 26.7% 40.0% 33.3% 



Fig. 2.1 (a) Short-axis view of the biceps tendon with circumflex 
humeral artery in red. (b) GT-greater tuberosity, IG intertubercular 
groove, LT lesser tuberosity, arrow with stop indicates circumflex 
humeral artery, deltoid labeled, purple subscapularis muscle, orange 

Needle position: Insert the needle from lateral to medial 
in-plane with the probe targeting the biceps tendon sheath 
situated between the biceps tendon and the transverse 
humeral ligament. 

Safety considerations: Avoid directly injecting the ten- 
don, as this may increase susceptibility to tendon rupture 
[8, 9]. Although the space between the tendon and the greater 
tuberosity can also be injected, the circumflex humeral artery 
should be properly visualized and avoided. 

Pearls: 

• The subacromial/subdeltoid bursa lies just superficial to 
the biceps tendon sheath and may be injected at the same 
time if so desired. 


circle biceps tendon, dotted green line transverse humeral ligament, (c) 
Longitudinal view of biceps tendon, (d) Humerus deep to biceps tendon 
(i orange ) with thin bursa overlying it marked by black arrows, deltoid 
labeled 

• Make sure injectate is seen flowing around the biceps ten- 
don (“donut sign”) and not in the bursa. 

Injection Techniques: In-Plane 
Sagittal Approach 

Patient positioning: Same as above 

Probe positioning: Place the transducer sagittally to visu- 
alize the length of the biceps tendon within its groove and the 
pyramid shape of the lesser tuberosity (Fig. 2.3a). 

Markings: The lesser tuberosity will appear medial to the 
bicipital groove. Fluid may be seen in the tendon sheath. 
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Fig. 2.2 (a) Example of axial probe position over biceps tendon with groove, LT lesser tuberosity, arrow indicates needle, arrowhead indi- 
in-plane needle position, (b) Example of in-plane axial injection into cates needle tip, sub-subscapularis muscle, deltoid labeled 

the biceps tendon sheath, GT greater tuberosity, IG intertubercular 



Fig. 2.3 (a) Example of longitudinal probe position over biceps tendon 
with in-plane injection technique, (b) Example of in-plane long axis 
approach, asterisk indicates biceps tendon, black arrowheads indicate 


Needle position: Enter the skin from caudad to cephalad 
and in-plane with the probe. 

Safety considerations: Same as above 
Pearls: 

• Supinate the hand to rotate the bicipital groove anteriorly. 

• Angulate the transducer cephalad to eliminate anisotropy 
caused by the deep course of the biceps tendon. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 0.5 ml of steroid preparation (typically 40 mg of triam- 
cinolone or methylprednisolone) 

• 1 ml of local anesthetic 


tendon sheath filling with injectate, white arrow indicates needle, white 
arrowhead indicates needle tip 


Acromioclavicular (AC) Joint 

The AC joint is formed by the articulation of the distal end of 
the clavicle and acromion process of the scapula, where a 
step-off can be palpated. Osteoarthritis of the AC joint is a 
frequent source of pain and occurs due to trauma or overuse 
from frequent rotational motion, shear stress, high compres- 
sive forces, or failure of the surrounding muscles [1, 10]. 

Ultrasound-guided AC joint injections can help diagnose 
AC joint mediated pain. Physical exam maneuvers such as 
the cross body arm abduction (scarf) sign and focal tender- 
ness have low sensitivity [10]. Palpation-guided AC joint 
injections range in accuracy from 40 to 66 % (Table 2.2), 
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while image-guided injections have been shown to have a 
much higher degree of accuracy [11-15]. 

Scanning Technique and Anatomy to Identify 

The patient can be positioned supine or seated upright. The 
medial acromion or lateral clavicle can be palpated and the 
ultrasound probe placed in the anatomic coronal plane over 
the AC joint. Alternatively the joint can be found by scan- 
ning superiorly from the bicipital groove in the transverse 
plane [7]. With the probe directly over the AC joint, an 
anechoic joint space can be visualized separating the hyper- 
echoic cortex of the acromion and clavicle (Fig. 2.4). The 
hyperechoic fibrocartilaginous disk interposing the joint may 
be visualized in younger patients [2] . 


Table 2.2 Accuracy of AC joint injections 


Author 

Specimen 

Guidance 

Accuracy 

Verification 

Partington, 1998 

Cadaver 

Blind 

67% 

Dissection 

Peck, 2010 

Cadaver 

Blind/US 

Blind (40 %) 
US (100 %) 

Dissection 

Pichler, 2009 

Cadaver 

Blind 

57% 

Dissection 

Bisbinas, 2006 

Clinical 

Blind 

39.4 % 

Fluoroscopy 

Sabeti-Aschraf, 

2011 

Cadaver 

Blind/US 

Blind (72 %) 
US (95 %) 

US expert 


Injection Techniques: In-Plane 
Coronal Approach 

Patient positioning: Sit the patient with the arm in a neutral posi- 
tion, hanging at the side. This position is optimal as the weight 
of the shoulder and arm maximally opens the joint space. 
Downward traction on the arm can further accentuate this. 

Probe position: Center the probe over the AC joint in the 
coronal plane (Fig. 2.5a). 

Markings: No significant vascular or neural structures 
need to be marked. 

Needle position: Insert the needle in-plane from lateral to 
medial aiming at the lateral margin of the clavicle. A gel 
standoff technique can be utilized. 

Safety considerations: The subacromial space is approxi- 
mately 4 mm below the capsule, so the needle should be 
carefully placed to avoid puncturing the deep capsule and 
entering the subacromial space. 

Pearls: 

• Direct the needle parallel to the probe, as the joint lies 
relatively superficial. 

• Immediately after successful injection, the capsule may 
appear elevated and the joint space wider. 

• A gel standoff technique may be used to allow more room 
for the needle approach. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 



Fig. 2.4 (a) Coronal view of the acromioclavicular joint, (b) Green indicates AC joint fluid within the joint capsule, acromion and clavicle 
labeled, (c) Coronal view for a gel standoff approach, light blue indicating gel 
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• 0.5 ml of steroid preparation (typically 40 mg of triam- 
cinolone or methylprednisolone) 

• 1-2 ml of local anesthetic 



Fig. 2.5 (a) Example of coronal probe position over AC joint with gel 
standoff in-plane injection technique, (b) Asterisk indicates injectate in 
AC joint space, arrow points to needle, arrowhead points to needle tip, 
acromion labeled 


Suprascapular Nerve Block 

The suprascapular nerve innervates the supraspinatus and 
infraspinatus muscles and provides sensory branches to the 
posterior glenohumeral joint capsule, acromioclavicular joint, 
subacromial bursa, coracoclavicular, and coracoacromial liga- 
ments [16]. A nerve block can be used to temporarily relieve 
pain or provide local anesthesia to any of these structures [17]. 

Scanning Technique and Anatomy to Identify 

Place the ultrasound probe transversely over the superior 
medial border of the spine of the scapula, over the supraspi- 
natus muscle. Follow the orientation of the superficial 
supraspinatus muscle and the deeper bony scapula; move 
the probe laterally along the axis of the supraspinatus mus- 
cle until the suprascapular notch appears (Fig. 2.6a) [18]. 
The suprascapular nerve will be visualized beneath the 
transverse scapular ligament in the suprascapular notch 
[19]. The nerve may be difficult to visualize but can be seen 
adjacent to the suprascapular artery, which can be identified 
with Doppler. 

Injection Technique: In-Plane 
Coronal Approach 

Patient positioning: Sit the patient with the arm in lap or with 
the hand of the side being blocked resting on the contralat- 
eral shoulder [19]. 

Probe positioning: The probe is placed parallel to the 
superior aspect of the scapular spine and then moved later- 
ally and cephalad in a coronal plane to visualize the scapular 
floor and the suprascapular notch. Toggling the probe from 



Fig. 2.6 (a) Coronal view of suprascapular notch, (b) Orange indicates trapezius muscle, purple indicates supraspinatus muscle, black arrows 
point to suprascapular notch, green dotted line indicates suprascapular ligament 
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Fig. 2.7 (a) Example of coronal probe position over suprascapular 
notch, (b) Example of in-plane needle approach, black arrow point to 
suprascapular ligament, white arrow indicates needle, white arrowhead 

axial to coronal planes may help to visualize the suprascapu- 
lar nerve and the transverse ligament (Fig. 2.7a). 

Markings: The trapezius and supraspinatus will be clearly 
visualized deep to the subcutaneous tissue. The suprascapu- 
lar artery can be confirmed with Doppler. 

Needle position: The needle is directed from the 
lateral side of the probe in-plane toward the nerve sheath. 

Safety considerations: The needle should be visualized at 
all times to avoid pneumothorax. 

Pearls: 

• Live ultrasound can demonstrate the spread of the injectate 
around the nerve and under the suprascapular ligament. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 22-25 gauge, 3" or 3.5" needle 

• 0.5 ml of steroid preparation (typically 40 mg of triam- 
cinolone or methylprednisolone) 

• 4 ml of local anesthetic 


Glenohumeral (GH) Joint 

The GH joint is formed by the humeral head and glenoid 
cavity and is deepened and supported by the cartilaginous 
glenoid labrum. Its capsule is strengthened by three glenohu- 
meral ligaments and extends down the bicipital tendon sheath 
in the intertubercular groove [16]. In patients with adhesive 
capsulitis or glenohumeral arthrosis, the shoulder can be 
an intense source of pain and limited mobility and func- 
tion. Although primary osteoarthritis is uncommon in this 
region, rotator cuff failure, trauma, previous surgery, avas- 
cular necrosis, inflammatory arthropathies, osteochondritis 
dissecans, and iatrogenic injury can all lead to secondary 


points to needle tip adjacent to suprascapular nerve, trapezius and 
supraspinatus muscles labeled 

osteoarthritis [1]. Adhesive capsulitis, commonly referred to 
as “frozen shoulder,” initially presents as pain followed by 
progressively worsening range of motion. Although active 
or passive ranges of motion have been shown to improve 
function in adhesive capsulitis, GH joint injection expedites 
progress and symptom relief [20]. The accuracy of blind 
injections ranges from 27 to 72 % (Table 2.3) compared to 
ultrasound-guided injections which have been shown to be 
accurate 92-99 % of the time [21-29]. 

Scanning Technique and Anatomy to Identify 

The glenohumeral joint can be visualized from either a poste- 
rior or an anterior approach. In a pathological joint, synovial 
hypertrophy and joint effusion can be visualized, most com- 
monly in the posterior recess. Bone erosions of the humeral 
head can also be detected, often indicating a rotator cuff 
injury [30]. Posteriorly, the humeral head, bony glenoid, and 
labrum can be visualized deep to the infraspinatus and deltoid 
muscles (Fig. 2.8). Just medial, the spinoglenoid notch with 
the suprascapular neurovascular bundle can be seen [1]. 

Injection Techniques: In-Plane Axial 
Posterior Approach [1] 

Patient positioning: Sit or place the patient in a semi-prone 
position with the hand of shoulder being injected crossing the 
chest (ipsilateral humerus adducted across thorax) or hanging 
at the side. The scapula should also remain protracted. 

Probe position: Place the probe caudal and parallel to the 
lateral end of the scapular spine (Fig. 2.9a). 
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Table 2.3 Accuracy of GH joint injections 




Author 

Specimen 

Guidance 

Accuracy 

Verification 

Eustace, 1997 

Clinical 

Blind 

42% 

Radiograph 

Patel, 2012 

Cadaver 

Blind/US 

72.5 %/92.5 % 

Radiograph 

Sethi, 2005 

Cadaver 

Blind 

26.8 % 

MR arthrography 

Choudur, 2011 

Clinical 

US 

99% 

MR arthrography 

Gokalp, 2010 

Clinical 

US 

96.7 % 

MR arthrography 

Koivikko, 2008 

Clinical 

US 

Posterior 100 % 

Anterior 100 % 

MR arthrography 

Souza, 2010 

Clinical 

US 

92% 

MR arthrography 

Schaeffeler, 2010 

Clinical 

US/Fluoroscopy 

US 100 % 

Fluoro 100 % 

MR arthrography 

Rutten, 2009 

Clinical 

US/Fluoroscopy 

US 94 % 

Fluoro 72 % 

MR arthrography 








Fig. 2.8 (a) Posterior view of glenohumeral joint, (b) View of the posterior glenohumeral joint, deltoid and humerus labeled, Glen glenoid, aster- 
isk indicates labrum, orange overlies infraspinatus muscle 



Fig. 2.9 (a) Example of probe position over posterior glenohumeral joint, (b) Example of in-plane needle approach, white arrow indicates needle, 
white arrowhead indicates needle tip, Hum-humerus, Glen glenoid, asterisk indicates labrum, deltoid labeled 
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Markings: The infraspinatus muscle, humeral head, pos- 
terior glenoid rim, and labrum can be visualized. Doppler 
can be checked to visualize the suprascapular artery in the 
spinoglenoid notch. 

Needle position: The needle is directed, in-plane, from 
the medial or lateral side of the probe until it is subcapsular 
and contacts the humeral head. 

Safety considerations: Avoid puncturing the glenoid 
labrum. Care must be taken to drive the needle directly 
toward the humeral head. For larger shoulders, a steeper 
approach may be necessary employing a walk-off technique 
of the needle off the posterior aspect of the humeral head. 
Pearls: 

• If resistance is encountered during injection, the needle 
may be embedded in the cartilage or capsule and may 
require slight manipulation to allow better flow of injec- 
tate into the joint. 

Equipment needed: 

• Linear array transducer (8 MHz+) 

• 22-25 gauge, 3" or 3.5" needle 

• 0.5-1. 0 ml of steroid preparation (typically 40 mg of tri- 
amcinolone or methylprednisolone) 

• 4 ml of local anesthetic 


Subacromial/Subdeltoid Bursa (SASDB) 

The SASDB is the most commonly injected shoulder struc- 
ture and is helpful in diagnosing and treating impingement 
syndrome, rotator cuff tears, tendinosis, and other sources 
of bursitis. Impingement typically occurs from postural 
factors, rotator cuff deficits (partial tear, tendinosis, weak- 
ness), anatomic variations of the acromion or AC joint, 
thickening of the coracoacromial ligament, or repetitive 
overhead activities which then inflame the bursa. The main- 
stay of initial treatment is rest, nonsteroidal anti-inflamma- 
tory medication, and physical therapy, but patients with 
impingement may benefit from a SASDB corticosteroid 


injection to facilitate a more active therapy program when 
pain limited [1]. Blind SASDB injections are inconsistent, 
with studies demonstrating accuracy ranging from 60 to 
100 % compared to near 100 % accuracy with ultrasound 
(Table 2.4) [31-37]. 

Scanning Technique and Anatomy to Identify 

When viewing the SASDB, the acromion and deltoid mus- 
cles can be used as landmarks. The bursa will appear lat- 
eral to the acromion, below the relatively hypoechoic 
deltoid muscle and above the more hyperechoic supraspi- 
natus tendon. When distended, a thin rim of hypoechoic 
fluid may be seen within the bursa (Fig. 2.10). When not 
distended, the location of the bursa can be estimated from 
the peribursal fat in between the deltoid muscle and supra- 
spinatus tendon [1]. 

Injection Technique: In-Plane 
Coronal Approach 

Patient position: Sit the patient with the ipsilateral arm hang- 
ing down. 

Probe position: Place the probe in the coronal plane over 
the lateral end of the acromion perpendicular to the cora- 
coacromial arch (Fig. 2.11a). 

Marking: The acromion can be visualized on the medial 
most part of the ultrasound screen. The SASDB lies between 
the hyperechoic peribursal fat, below the hypoechoic deltoid 
muscle. 

Needle position: Insert the needle in-plane directed 
toward the anechoic space between the peribursal fat, repre- 
senting the SASDB [1]. 

Safety considerations: No significant structures are vul- 
nerable to injury. Avoid spreading corticosteroid into the del- 
toid or supraspinatus tendon. 


Table 2.4 Accuracy of SASDB injections 


Author 

Specimen 

Guidance 

Accuracy 

Verification 

Yamakado, 2002 

Clinical 

Blind 

Anterolateral (70 %) 

Radiographs 

Henkus, 2006 

Clinical 

Blind 

Posterior (76 %) 

Anteromedial (69 %) 

MRI 

Kang, 2008 

Clinical 

Blind 

Posterior (75 %) 

Anterolateral (75 %) 

Lateral (60 %) 

Radiographs 

Park, 2010 

Clinical 

Blind 

Anterolateral (49 %) 

Radiographs 

Rutten, 2007 

Clinical 

Blind/US 

Posterior blind (100 %) 
Posterior US (100 %) 

MRI 

Hanchard, 2006 

Cadaver 

Blind 

Posterior lateral (91 %) 

Dissection 

Mathews, 2005 

Cadaver 

Blind 

Anterolateral (90 %) 

Dissection 


Posterior (80 %) 
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Fig. 2.10 (a) Coronal view of the SASDB. (b) Deltoid and humerus labeled, Acr acromion, black arrow indicates hyaline cartilage, white arrows 
indicate SASDB, orange indicates supraspinatus muscle 



Fig. 2.1 1 (a) Example of probe position over SASDB with in-plane 
injection technique, (b) Example of in-plane needle approach, white 
arrow indicates needle, white arrowhead indicates needle tip, humerus 
and deltoid labeled, Acr acromion, black arrows indicate location of 
SASDB, asterisk indicates supraspinatus muscle with anisotropy, (c) 


White arrowhead indicates needle tip, black arrows indicate injectate 
filling bursa, asterisk indicates supraspinatus muscle with anisotropy, 
Acr acromion, humerus labeled, (d) Example of calcific tenotomy, 
white arrow indicates needle, white arrowhead indicates needle tip, 
bracket indicates needle reverberation, deltoid and humerus labeled 
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Pearls: 

• Following injection, the separation between the supraspi- 
natus and deltoid muscle can be seen under live ultra- 
sound; make sure the fluid is seen diving underneath the 
acromion to confirm accurate placement. 

Equipment needed: 

• High-frequency linear transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 40 mg of triamcinolone or methylprednisolone 

• 4-6 ml of local anesthetic 
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Ultrasound can play an important role in differentiating the 
etiology of elbow pain since most pathology is extra- articular 
and superficial, including tendinosis and tears, ligamentous 
injury, nerve injury or entrapment, and bursitis [1—4]. Elbow 
arthritis, fractures, and other intra-articular pathologies can 
also be diagnosed indirectly by visualizing effusions which 
are easily seen. Due to the prevalence of tendinopathies, the 
elbow is a good region for some of the more emerging inter- 
ventional procedures including prolotherapy, percutaneous 
needle tenotomy, and platelet-rich plasma injection [5]. 


Medial Epicondylosis (ME): Common 
Flexor Tendon (CFT) 

The two most common pathologies involving the CFT are 
medial epicondylosis and tendon tear. Clinically distinguish- 
ing between these two diagnoses can be challenging [6]. 
However, with ultrasound guidance, diagnosis of degenerative 
changes versus tendon tear can be readily made. This infor- 
mation helps guide the early management of medial elbow 
pain. In addition, serial scanning with ultrasound can help 
assess response to intervention. Medial epicondylosis, known 
as “golfer’s elbow,” is characterized as an overuse syndrome 
or degenerative tendinosis caused by repetitive motion, espe- 
cially during pronation and flexion of the wrist, involving the 
attachment at the CFT origin [3]. Medial epicondylosis is 
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also frequently reported in baseball pitchers due to intense 
valgus force, and in athletes participating in tennis, bowling, 
racquetball, and javelin [4]. 

Clinically, the patient presents with localized tenderness at 
the medial epicondyle that is exacerbated by pronation and 
often associated with decreased grip strength [5]. One provoca- 
tive test, called the medial epicondylitis test (“reverse Cozen’ s 
test”), reproduces medial elbow pain with resisted wrist flexion 
while the elbow is in full extension and the forearm is supinated 
[7]. Treatments vary from oral anti-inflammatory medications, 
rest, ice, physical therapy, and a variety of injections including 
ultrasound-guided corticosteroids and newer alternative mini- 
mally invasive procedures such as percutaneous needle tenot- 
omy (PNT), autologous blood injection (ABI), and platelet-rich 
plasma (PRP) [5,8]. Combined approach of PNT and autologous 
blood (AB) with ultrasound guidance has been shown as an 
effective treatment for refractory medial epicondylosis [8]. 

Scanning Technique and Anatomy to Identify 

With the patient’s hand in supination, the ultrasound probe is 
placed in a longitudinal orientation over the medial epicon- 
dyle [1]. In this view, the medial epicondyle is seen proxi- 
mally with the trochlea and ulna. The anterior band of the 
ulnar collateral ligament is seen overlying the ulna and 
trochlea and ultimately inserts onto the epicondyle. The 
common flexor tendon appears fibrillar and overlies these 
structures inserting on the ridge of the epicondyle [2]. 

Ultrasound assessment usually reveals a normal hyper- 
echoic triangular tendon interspersed with focally thickened 
or hypoechoic areas. As these changes may appear quite 
subtle it is critical to compare with the contralateral side 
[2]. In the presence of more progressive changes, hypoecho- 
genicity, loss of normal fibrillar pattern, and even hyperemia 
from neovascularization can be visualized with color or 
power Doppler mode [3]. In chronic medial epicondylosis, 
calcifications may be observed that can lead to increased risk 
of partial or complete tendon rupture. Acute medial tendon 
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ruptures can be diagnosed quickly and effectively by scan- 
ning in both the longitudinal and transverse plane. Typically, 
there is a loss or replacement of the regular hyperechoic fibril- 
lar tendon pattern with irregular hypoechoic fluid and debris. 
If this is visualized, confirm clinically by palpating the iden- 
tified location. One may feel a subtle step-off defect [9]. In 
this case, surgical intervention is often indicated (Fig. 3.1). 

Injection Technique: In-Plane Coronal Approach 

Patient positioning: The patient should be seated or lay supine 
with 90° of elbow flexion and the shoulder externally rotated. 
Place a towel underneath the lateral epicondyle for comfort. 



Fig. 3.1 (a) Coronal view of the common flexor tendons, (b) 
Tr- trochlea, asterisk indicates joint space, orange indicates common 
flexor tendons, and green indicates ulnar collateral ligament 


Probe position: Place the probe longitudinally (coronal) 
with the proximal end of the transducer over the medial epi- 
condyle to visualize the common flexor tendon. Scan proxi- 
mally and distally until the medial epicondyle and the 
proximal attachments of the CFT are clearly identified 
(Fig. 3.2a). 

Markings: Mark any obvious vessel or tendon prior to injec- 
tion. Mark the medial epicondyle and the olecranon process. 

Needle position: The needle should be inserted parallel to 
the transducer from either proximal to distal or distal to 
proximal. Due to the superficial nature of the tendon, a gel 
standoff may be helpful. For PNT, insert the needle into the 
tendon itself. For a peritendinous injection, keep the needle 
above or below the tendon. 

Safety considerations: For corticosteroid injections, be 
careful when injecting superficial to the tendon since this can 
cause subcutaneous atrophy or depigmentation. PNT may 
cause local bleeding and post-procedure pain. Be careful to not 
inject too posterior, as this is where the ulnar nerve may lie. 
Pearls: 

• If performing PNT, intermittently switch to an out-of- 
plane/short-axis view in order to determine the anterior- 
posterior/radial-ulnar position of the needle within the 
region of tendinosis [4]. Repetitively fenestrate the entire 
region of tendinosis while injecting local anesthetic, PRP, 
or AB. Resistance should decrease with increased passes. 
Calcifications and enthesophytes should be mechanically 
broken up [11-13]. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+). 

• 25 gauge, 1.5" needle. 

• 0.5 mL of steroid preparation. 

• 1-3 mL of local anesthetic. 

• For PNT, use a larger (18-20 gauge) needle. 

• May include 0.5-1 mL of steroid preparation with 1-3 mL 
of local anesthetic or 2-3 mL of PRP or autologous whole 
blood [11, 12]. 



Fig. 3.2 (a) Example of probe position over medial epicondyle with in-plane injection technique, (b) Example of in-plane long-axis approach, 
white arrow indicates needle, arrowhead indicates needle tip, medial epicondyle labeled 
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Ulnar Collateral Ligament (UCL) 

Ultrasound is very useful for distinguishing UCL pathology, 
including partial or complete tears, avulsion fractures, and 
chronic UCL injury and thickening. The UCL is a short and 
broad-based ligament divided into three components: an 
anterior, posterior, and transverse segment [5]. The anterior 
bundle provides the primary stabilization of the medial 
elbow, playing a critical role during valgus stress of the joint 
[10]. In injuries from sports requiring overhead throwing, 
prompt diagnosis is critical in determining appropriate man- 
agement, whether it is surgical intervention for a complete 
tear versus conservative care for a partial tear or sprain [10]. 
For a professional athlete, delayed diagnosis of a torn liga- 
ment that ultimately requires surgery will have a significant 
adverse impact and may lead to the abrupt end of a profes- 
sional sports career. 

Clinically, a patient will present with medial elbow 
pain, tenderness to palpation along the ligament, and 
increased laxity with valgus stress at 30-90° [6]. Treatment 
with corticosteroid injection or PRP shows variable to 
promising improvement [5, 11]. In acute UCL injury, 
avoid using steroids for symptomatic relief, as there is an 
increased risk of ligamentous laxity and potential rupture 
[7]. In these cases, lidocaine injection may be used for 
temporary pain relief. After a corticosteroid injection, the 
patient should undergo a rehabilitation program focusing 
on proximal muscle strength, trunk rotation, core and glu- 
teal strength, and the entire kinetic chain. A formal physi- 
cal therapy program may be helpful [12]. 

Scanning Technique and Anatomy to Identify 

The UCL is best visualized with the elbow positioned at 
30° of flexion and the forearm supinated [4, 6]. Sprains 
include stretch injury with continuity of the ligament 


(Grade 1), partial tears (Grade 2), or complete rupture 
(Grade 3). With grade 1 sprains, the UCL may appear 
mildly thickened and hypoechoic [2]. Partial tears of the 
UCL appear as abnormal ligament thickening with internal 
hypoechoic disruption; the presence of hypoechoic fluid is 
variable [2, 9]. Complete tears or full thickness rupture 
appear as focal discontinuity of the ligament with sur- 
rounding hypoechoic edema or inability to visualize the 
ligament at all [13]. Increased gapping with valgus stress 
implies partial or full thickness tear. The anterior bundle 
extends from the anterior-inferior aspect of the medial epi- 
condyle to the medial edge of the coronoid process [2, 3]. 
UCL avulsion, more commonly seen in the adolescent pop- 
ulation, appears as a hyperechoic bony fragment adjacent 
to the medial epicondyle [2]. Chronic UCL injury from 
repetitive microtrauma causes progressive thickening, 
hypoechoic foci and calcifications that can lead to ligamen- 
tous instability (Fig. 3.3) [2, 5]. 

Injection Technique: In-Plane Coronal 
Approach 

Patient positioning: The patient should be seated or lay 
supine with 30° of elbow flexion and the shoulder externally 
rotated. Place a towel underneath the lateral epicondyle for 
comfort. 

Probe position: Place the probe longitudinally (coronal) 
with the proximal end of the transducer over the medial epi- 
condyle to visualize the CFT. Scan proximally and distally 
until the medial epicondyle and the proximal attachments of 
the CFT are clearly identified. The UCL appears deep to the 
CFT (Fig. 3.4a). A normal UCL appears compact, fibrillar, 
and hyperechoic compared to an abnormal UCL, which 
appears as a thin hypoechoic band [3]. 

Markings: Mark the length of the anterior band of the 
UCL to plan the needle approach. 



Fig. 3.3 (a) Coronal view of ulnar collateral ligament, (b) Green indicates ulnar collateral ligament, orange indicates common flexor tendons, Tr 
trochlea, Ul ulna, medial epicondyle labeled 
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Fig. 3.4 (a) Example of probe position over ulnar collateral ligament, 
(b) Example of in-plane long-axis approach, white arrow indicates 
needle, arrowhead indicates needle tip, Tr trochlea, Ul ulnar, CFT- 
common flexor tendon, medial epicondyle labeled 


Needle position: The needle should be inserted in-plane 
to the transducer. Inject into the hypoechoic region of the 
pathologic ligament with a single injection directed from dis- 
tal to proximal [5]. 

Safety considerations: There is a risk of fatty atrophy and 
local depigmentation with corticosteroid injection. Be care- 
ful to not inject too posterior, where the ulnar nerve may lie. 
Pearls: 

• Valgus stress on the elbow will help to identify laxity of 
the UCL. 

• An abnormal UCL appears hypoechoic with discontinu- 
ous fibers. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25G 1.5" needle 


• 22G needle for PRP or autologous whole blood 

• 0.5-1 mL of steroid preparation or 2-3 mL of PRP or 
autologous whole blood [11, 12] 

• 1-3 mL local anesthetic 


Ulnar Nerve at the Elbow 

The ability of ultrasound to evaluate structures dynamically 
is particularly useful when evaluating the ulnar nerve at the 
elbow for ulnar subluxation or other causes of neuropathy 
[14]. At the level of the elbow, the ulnar nerve lies in the 
retroepicondylar groove and has a variable amount of slack 
in extension. This predisposes it to subluxation over the 
medial epicondyle during flexion, which can occur in roughly 
20 % of individuals, although many may be asymptomatic. 
This movement predisposes the patient to ulnar neuritis [9]. 
Ulnar nerve subluxation also occurs in “snapping triceps 
syndrome.” This can occur when the distal medial head of 
the triceps muscle subluxes from a lateral direction during 
elbow flexion, causing displacement of the ulnar nerve from 
its groove over the medial epicondyle [9] . As a result, ulnar 
nerve compression and neuropathy can occur at the retroepi- 
condylar groove and the edge of the flexor carpi ulnaris mus- 
cle aponeurosis. 

Clinically, patients commonly present with upper extrem- 
ity weakness, hand pain, and numbness in the ulnar distribu- 
tion [15]. It may be difficult to determine if the ulnar nerve is 
involved and the level of involvement. Ultrasound guided 
diagnostic ulnar nerve blockade is an effective and efficient 
method to determine ulnar nerve involvement [16]. This 
method is often used prior to a peripheral nerve stimulator in 
cases of refractory ulnar neuropathy. In addition, regional 
anesthesia of the ulnar nerve using ultrasound guidance is an 
effective technique. This is often used to potentiate distal 
anesthesia in incomplete brachial plexus blocks and in post- 
operative anesthesia of forearm and hand procedures to help 
minimize the need for pain medication. 


Scanning Technique and Anatomy to Identify 

Begin by scanning proximal to distal in the transverse plane at 
the level of the medial epicondyle. Proximally, the nerve 
appears oval or triangular in shape with internal punctate 
hyperechoic areas [16]. The ulnar nerve has a characteristic 
honeycomb pattern in the transverse plane, which is the typical 
appearance of a peripheral nerve [17]. This pattern describes 
the arrangement of the hypoechoic nerve fascicles with the 
hyperechoic perineurium and endoneurium. Identify the medial 
epicondyle and triceps muscle. Distally, the nerve becomes 
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Fig. 3.5 (a) Transverse (axial) view of the ulnar nerve, (b) Yellow indicates ulnar nerve, ME medial epicondyle, triceps labeled, (c) Longitudinal 
view of the ulnar nerve, (d) Yellow indicates ulnar nerve, asterisk indicates joint space, humerus and ulna labeled 



Fig. 3.6 (a) Example of probe position over ulnar nerve at the elbow, (b) Example of in-plane short-axis approach, white arrow indicates needle, 
arrowhead indicates needle tip, Tri triceps, ME medial epicondyle 


thinner and difficult to differentiate from tendon. This is because 
the nerve contains smaller amounts of myelinated axons and 
thus can mimic the appearance of tendons. In the longitudinal 
plane, the ulnar nerve appears as a thin hyperechoic tubular 
structure. In an entrapment, the ulnar nerve becomes enlarged 
and edematous with an increase in hypoechoic appearance with 
loss of fascicular pattern (Fig. 3.5) [17]. 


Injection Technique: In-Plane Axial Approach 

Patient positioning: The patient should lay supine, shoulder 
abducted 90° and elbow flexed approximately 90°, or be seated 
with the elbow flexed 90° with the hand on the table [15]. 

Probe positioning: Place the transducer transverse relative 
to the ulnar nerve at the elbow (Fig. 3.6a). 
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Markings: Mark any blood vessels prior to injection. 
Needle position: Start from the ulnar (medial) aspect of 
the transducer. An in-plane approach is advised, as this pro- 
vides continuous visualization of the needle tip. Identify the 
ulnar nerve and then guide the needle adjacent to the nerve 
and inject medication to create a “target sign.” Look for 
spread around the circumference of the nerve and reposition 
as needed. 

Safety considerations: Identify and avoid intravascular 
injection into the superior ulnar recurrent artery. Injections at 
this site should be limited to 3-5 mL in volume to minimize 
the risk of a compartment syndrome. 

Pearls: 

• Unlike blood vessels, nerves are not compressible 
structures. 

• Injecting small amounts of anesthetic can help localize 
the needle tip. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G 1.5" needle 

• 3-5 mL local anesthetic 


Injection Technique: In-Plane Longitudinal 
Approach 

Patient positioning: Lay the patient supine, shoulder 
abducted 90° and elbow flexed approximately 90°, or with 
the patient sitting and the elbow flexed 90° with the hand on 
the table [15]. 

Probe positioning: Place the transducer longitudinal rela- 
tive to the ulnar nerve at the elbow (Fig. 3.7a). 

Markings: Mark any blood vessels prior to injection. 
Needle position: Start from the ulnar (medial) aspect of 
the transducer. An in-plane approach is advised, as this pro- 
vides continuous visualization of the needle tip. Identify 
the ulnar nerve and then guide the needle adjacent to the 
nerve. Look for spread around the superficial aspect of the 
nerve. 

Safety considerations: Identify and avoid intravascular 
injection into the superior ulnar recurrent artery. Injections at 
this site should be limited to 3-5 mL in volume to minimize 
the risk of a compartment syndrome. 

Pearls: 

• Unlike blood vessels, nerves are not compressible 
structures. 

• Injecting small amounts of anesthetic can help localize 
the needle tip. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25G 1.5" needle 

• 3-5 mL local anesthetic 



Fig. 3.7 (a) Example of probe position over ulnar nerve at the elbow, 
(b) Example of in-plane longitudinal approach, white arrow indicates 
needle, white arrowhead indicates needle tip, black arrowheads indi- 
cate injectate over nerve sheath, asterisk indicates joint space, humerus 
and ulna labeled 


Lateral Epicondylosis (LE) 

Lateral epicondylosis, also known as tennis elbow, is a com- 
mon tendinopathy in the upper extremity. LE consists of 
pain at the proximal attachment of the common extensor 
tendon, usually arising from repetitive use and microtrauma. 
Patients often complain of pain in the region of the proximal 
wrist extensor attachments, especially with resisted wrist 
extension, twisting motions as the wrist, and grasping objects. 
Physical examination may reveal tenderness to palpation 
over the lateral epicondyle and reduced strength with resisted 
grip, supination, and wrist extension [18]. Provocative tests 
such as Cozen’ s and Mill’s can reproduce the symptoms. 
Ultrasound may assist in identifying enthesophytes, tendon 
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Table 3.1 Outcomes of USG percutaneous needle tenotomy in the treatment of common extensor tendinosis in the elbow, N=52 [11] 

Excellent Good Fair Poor 

30(57.7 %) 18(34.6%) 1(1.9%) 3(5.8%) 

Excellent - very happy with the procedure and had no room for improvement 
Good - happy with the procedure and had only mild room for improvement 

Fair - slight dissatisfaction with the outcome of the procedure and had room for considerable improvement 
Poor - dissatisfied with the outcome of the procedure and had little or no improvement 



Fig. 3.8 (a) Coronal view of common extensor tendon, (b) Green indicates radial collateral ligament, orange indicates common extensor tendons, 
RH radial head, asterisk indicates joint space, lateral epicondyle labeled 


thickening, and calcifications [17, 18]. PNT, PRP, and corti- 
costeroid injection into or around the involved tendon have 
all shown varying efficacy in treating lateral epicondylosis 
(Table 3.1) [19-21]. 

Scanning Technique and Anatomy to Identify 

The patient should lay supine with the forearm rested across 
the abdomen or be seated with the arm on a table. Place the 
transducer longitudinally, in line with the forearm, over the 
common extensor tendon (CET). This allows evaluation of 
the lateral epicondyle and the proximal attachments of the 
CET [22]. The CET can be seen here at its origin on the lat- 
eral epicondyle traversing distally over the radial head. The 
radial collateral ligament can be seen deep to the CET 
between the lateral epicondyle and the radial head. The CET 
may show tendon thickening at its origin, degenerative 
changes, and tears, which appear as linear focal or complex 
hypoechoic areas within the normal tendon matrix [9, 23]. 
Other findings may include calcification, adjacent cortical 
irregularity, and diffuse tendon heterogeneity [18]. The lat- 
eral collateral ligament complex (LCL) of the elbow is a 
Y-shaped complex composed of three components: the radial 
collateral ligament (RCL), the lateral ulnar collateral liga- 
ment (LUCL), and the annular ligament. The RCL extends 
from the lateral epicondyle to the annular ligament. The 
LUCL spans from the lateral epicondyle to the supinator 
crest of the ulna. The annular ligament courses from the 


ulnar anterior margin at the sigmoid notch to the supinator 
crest at the posterior margin of this bone, forming a ring 
encompassing the radial head and neck [24]. Part of the 
elbow joint between the radial head and the lateral epicon- 
dyle can also be appreciated deep to the CET (Fig. 3.8). 

Injection Technique: In-Plane Long-Axis 
Approach 

Patient positioning: The patient should lay supine with the 
arm internally rotated and elbow flexed. The patient can also 
be seated with the affected arm resting comfortably on a 
table with the elbow in 20-40° of flexion and forearm pro- 
nated. Place a towel underneath the medial epicondyle for 
comfort. 

Probe positioning: Place the probe longitudinally (coro- 
nal) with the proximal end of the transducer over the lateral 
epicondyle to visualize the CET. Scan proximally and dis- 
tally until the lateral epicondyle and the origin of the CET 
are clearly identified. The radial collateral ligament appears 
deep to the CET. If performing PNT, alternate changing to an 
out-of-plane/short-axis view to identify and confirm the 
position of the needle within the region of tendinosis 
(Fig. 3.9a). 

Markings: None 

Needle position: The needle should be inserted parallel to 
the transducer from either proximal to distal or distal to 
proximal. Due to the superficial nature of the tendon, a gel 
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Fig. 3.9 (a) Example of probe position over common extensor tendon, (b) Example of in-plane long-axis approach, arrow indicates needle, 
arrowhead indicates needle tip, asterisk indicates joint space, bracket indicates needle reverberation, LE lateral epicondyle, RH radial head 


standoff may be helpful. For PNT, insert the needle into the 
tendon itself and repetitively fenestrate the entire region of 
tendinosis. For a peritendinous injection, keep the needle 
above or below the tendon. The elbow joint can also be 
accessed using the same approach directed towards the space 
between the radial head and lateral epicondyle. 

Safety considerations: For corticosteroid injections, be 
careful when injecting superficial to the tendon since this can 
cause subcutaneous atrophy or depigmentation. PNT may 
cause local bleeding and post-procedure pain. Avoid the lat- 
eral collateral ligament complex and the radial and posterior 
interosseous nerves. 

Pearls: 

• Doppler may help to identify hyperemia and chronic 
tendinosis. 

• If performing PNT, intermittently switch to an out-of- 
plane/short-axis view in order to determine the anterior- 
posterior/radial-ulnar position of the needle within the 
region of tendinosis [4]. 

• For PNT, repetitively fenestrate the entire region of tendi- 
nosis while injecting local anesthetic, PRP, or AB. 
Resistance should decrease with increased passes. 
Calcifications and enthesophytes should be mechanically 
broken up. 

• The elbow joint, between the radial head and lateral epi- 
condyle, can be accessed using this approach by angling 
the needle deeper through the common extensor tendon. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+). 

• 25 gauge, 1.5" needle. 

• 0.5 mL of steroid preparation. 

• 1-3 mL of local anesthetic. 

• For PNT, use a larger (18-20 gauge) needle. 

• May include 0.5-1 mL of steroid preparation with 1-3 mL 
of local anesthetic or 2-3 mL of PRP or autologous whole 
blood [19-21]. 


Radial and Posterior Interosseous Nerve 

Compression neuropathy of the posterior interosseous nerve 
(PIN) near or below the supinator muscle is known as supinator 
syndrome, posterior interosseous syndrome, or radial tunnel 
syndrome [25]. The PIN is the terminal motor branch of the 
radial nerve [26]. Entrapment may be due to hypertrophy of the 
supinator muscle, which acts in synergy with the biceps to 
supinate the forearm when the elbow is extended. Furthermore, 
the PIN may be bound and entrapped by fibrous bands or recur- 
rent radial vessels at the arcade of Frohse. Soft-tissue masses, 
such as periosteal lipomas and deep ganglia may also compress 
the nerve [27-29]. Radial head and neck fractures, including 
Monteggia fracture-dislocations, may displace and compress 
the PIN as it courses through the radial tunnel [30]. The PIN is 
a purely motor nerve, but patients usually complain of a dull 
ache and burning pain around the lateral epicondyle, very simi- 
lar to lateral epicondylosis. Diagnosis is usually made clini- 
cally or with a diagnostic block. The radial nerve innervates the 
extensor carpi radialis longus, the extensor carpi radialis brevis, 
and the brachioradialis, while the PIN branch innervates the 
supinator, extensor digitorum communis, extensor digiti min- 
imi, extensor carpi ulnaris, abductor polices longus, extensor 
polices brevis and longus, and extensor indicis proprius. 
Therefore, radial wrist extension should be preserved, and the 
patient has more of a “finger drop” than the characteristic radial 
“wrist drop” [30]. Provocation of the symptoms is performed 
by passive supination or active pronation of the forearm. There 
may also be a positive Tinel’s sign [26]. 

Scanning Technique and Anatomy to Identify 

Place the transducer in an axial plane over the elbow. The radial 
nerve courses between the brachioradialis and the brachialis 
muscles then bifurcates into the superficial sensory branch and 
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Fig. 3.10 (a) Transverse (axial) view of branching radial nerve, (b) White arrow indicates superficial radial nerve, black arrow indicates posterior 
interosseous nerve, orange indicates brachioradialis, arrow with stop indicates vessel, supinator and radius labeled 
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Fig. 3.1 1 (a) Example of probe position over branching radial nerve, (b) White arrow indicates needle, arrowhead indicates needle tip, black 
arrow indicates posterior interosseous nerve, brachioradialis and supinator labeled 


the deep branch (PIN) just anterior to the lateral epicondyle. 
Scan these branches transversely to their termination. Almost 
immediately, the PIN can be seen entering the “radial tunnel,” 
piercing between the superficial and deep parts of the supinator. 
The roof of this tunnel is known as the arcade of Frohse. The 
PIN may also be assessed by pronating and supinating the fore- 
arm while passing the probe over the supinator in an axial plane 
[25, 26]. A compressed nerve typically appears enlarged and 
hypoechoic proximal to or inside the site of compression, in this 
case the supinator muscle [26]. After a radial fracture, the nerve 
may be surrounded by hypoechoic scar tissue (Fig. 3.10) [30]. 

Injection Techniques: In-Plane Short-Axis 
Approach 

Patient positioning: The patient should be seated with the 
affected arm resting on the table, with elbow flexed, and 
forearm neutral or pronated. 


Probe position: Place the transducer transverse relative to 
the PIN at the level of the distal humerus and locate the radial 
nerve laterally. Follow the nerve distally until it bifurcates 
into the superficial sensory branch and PIN (Fig. 3.11a). 
Markings: Mark any obvious vessels prior to injection. 
Needle position: Insert the needle in-plane from the ulnar 
(lateral) to radial (medial) aspect of the transducer, trans- 
verse to the PIN. Identify the PIN as it enters the arcade of 
Frohse by following it distally from the radial bifurcation. 
Guide the needle tip adjacent to the nerve and then inject 
medication to produce a “target sign.” 

Safety considerations: Identify the superficial radial nerve 
and the recurrent radial artery and avoid intravascular 
injection. 

Pearls: 

• Injecting small amounts of anesthetic can help localize 
the needle tip. 

• Adjust the forearm pronation/supination for optimal 
imaging of the PIN. 
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Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 22-25G 1.5" needle 

• 1-3 mL local anesthetic [31] 


Olecranon Bursitis 

Olecranon bursitis is the most common superficial bursi- 
tis [32]. Causes include inflammation from repetitive 
mechanical stress, trauma, infection, or systemic inflam- 
matory diseases such as gout, pseudogout, and rheuma- 
toid arthritis [33]. Ultrasound assesses olecranon bursa 
location, depth, and size while providing guidance for 
aspiration and therapeutic injection [5]. Olecranon bursi- 
tis typically presents as unilateral swelling over the poste- 
rior elbow, with or without pain. Aseptic bursitis is 
commonly painless; septic bursitis is more often painful 
with associated cellulitic changes [5, 33]. 


Scanning Technique and Anatomy to Identify 

The olecranon bursa is an anatomical potential space, 
located between the proximal aspect of the olecranon pro- 
cess and the subcutaneous tissue on the extensor surface. 
Normally, the bursa appears as a thin hypoechoic area sur- 
rounded by a hyperechoic synovial lining. Fluid collection 
in this potential space displaces the posterior fat pad and 
creates a distended fluid-filled collection that appears 
anechoic or hypoechoic [34] . In the transverse view, fluid in 
the joint is evidenced by fat pad displacement, and fre- 
quently epicondylar injury can be detected [35]. Hypoechoic 
fluid can be distinguished from hypoechoic cartilage by its 
compressibility and altered fluid distribution with dynamic 
movement [34] .The olecranon recess is accessible with the 
elbow flexed at 90°, either medial or lateral to the triceps 
tendon. Diagnostic sonography is more sensitive with the 
elbow in the flexed position; 1-3 mL of joint fluid can be 
identified on ultrasound, compared with the 5-10 mL 
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Fig. 3.12 (a) Example of sagittal view over posterior elbow, (b) magenta indicates fat pad, olecranon labeled, (c) Example of transverse 
Triceps muscle labeled, orange indicates tendinous portion of triceps (axial) view over olecranon bursitis, (d) White arrow indicates hyper- 
muscle, asterisk indicates joint space between olecranon and trochlea, emia, asterisk indicates hypoechoic fluid-filled bursa 
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required for identification of a posterior fat pad on plain films 
[34]. Aspiration is used to decompress the bursa especially 
when it is painful, interferes with daily activity or causes a 
cosmetic concern, and it provides diagnostic analysis when 
infectious or crystal arthropathies are suspected [33]. 

Start by placing the transducer parallel to the triceps mus- 
cle and tendon and identify the olecranon joint recess, olec- 
ranon fossa, and posterior fat pad. Move the transducer 
inferiorly and the olecranon bursa will come into view. 
Rotate the transducer to the axial plane and identify the ulnar 
nerve in the retroepicondylar groove. Doppler may identify 
active inflammation in the bursa with local hypervascularity 
[3, 36]. Olecranon bursitis will have local hypervascularity 
along with bursal wall distention [37]. In chronic bursitis, the 
synovial wall of the bursae becomes thickened and appears 
hyperechoic (Fig. 3.12). 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Place the affected arm on a table with the 
elbow flexed to 90°. 

Probe positioning: Place the probe transversely over the 
bursa (Fig. 3.13a). 

Markings: It may be helpful to identify the cubital tunnel 
and ulnar nerve. Mark the border of the triceps tendon. 

Needle position: The needle should be inserted in-plane 
from radial to ulnar, distal to proximal, or proximal to distal. 
A posterior intra- articular elbow injection can be performed 
in this position as well targeting the space between the olec- 
ranon and trochlea [38]. 

Safety considerations: There is a risk of reoccurrence of 
swelling or fistula formation from aspirating the olecranon 
bursa through the extensor compartment [39, 40]. If septic or 
infection suspected, steroid injections should not be used, 
until diagnostic confirmation. 

Pearls: 

• Aspirate from a lateral approach; needle is inserted at an 
angle into the bursa; use the “zigzag” needle method to 
prevent the formation of fistula or direct sinus with the 
skin or subcutaneous tissue. 

• Posterolateral approach is used to help avoid the ulnar 
nerve. 

• Doppler mode may help identify hyperemia. 

• Compression with the ultrasound probe will compress the 
olecranon bursa. 

• Avoid intratendinous injection and neurovascular 
structures. 

• Hyperechoic particles within the fluid suggest a hemor- 
rhagic, an inflammatory, or septic etiology [41]. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 18 or 20 gauge needle 1.5" needle 



Fig. 3.1 3 (a) Example of probe position over olecranon with in-plane 
injection technique, (b) Example of in-plane axial approach, arrowhead 
indicates needle tip, asterisk indicates fluid-filled bursa, olecranon 
labeled 


• 0.5 mL of steroid preparation 

• 3-5 mL local anesthetic 
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The wrist and hand is an excellent region for the use of musculo- 
skeletal ultrasound due to the superficial structures and the abil- 
ity to perform dynamic scans. Common pathologies in this area 
include tenosynovitis of the dorsal wrist compartments, tendon 
mptures, cysts, compression neuropathies, and arthritides. 


Carpal Tunnel Syndrome 

The carpal tunnel is located on the volar aspect of the wrist and 
is the most common compression neuropathy site in the upper 
limb [1]. Carpal tunnel syndrome (CTS) is a constellation of 
symptoms consisting of pain, paresthesias, and eventually the- 
nar atrophy, arising from increased pressure within the tunnel, 
edematous states, or direct nerve trauma. Patients often com- 
plain of nocturnal paresthesias in the volar aspect of the thumb, 
index finger, middle finger, and radial half of the ring finger. 
Provocative tests such as compression over the carpal tunnel or 
Tinel’s and Phalen’s signs can help to reproduce the symptoms. 
The diagnosis is based on history, physical exam, electrodiag- 
nostic studies, or cross-sectional area on ultrasound [2]. 
Corticosteroid injection into the carpal tunnel has been shown to 
provide improvement in pain, paresthesias, and function [3-5]. 

Scanning Technique and Anatomy to Identify 

The patient should sit with the elbow flexed to 90°, forearm 
supinated with the hand resting comfortably. A towel may be 
placed under the wrist to place it in slight extension. The carpal 
tunnel lies just distal to the distal wrist crease. The transducer 
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is placed transversely (short axis) to the median nerve, at the 
distal wrist crease. The bony borders of the tunnel include the 
scaphoid and trapezium laterally and the hamate and pisiform 
medially. The transverse carpal ligament or flexor retinaculum 
forms the superficial roof of the tunnel. The carpal tunnel con- 
tains the tendons of the flexor digitorum profundus, flexor digi- 
torum superficialis, and flexor pollicis longus, and the median 
nerve. Identify the honeycomb-appearing median nerve in 
cross section. It generally appears relatively hypoechoic to the 
adjacent hyperechoic tendons in cross section. You can tilt the 
probe to adjust anisotropy; the nerve will remain present, but 
the flexor tendons may disappear at off angles. Have the patient 
move their flexor tendons to assess for adhesions which may be 
amenable to hydrodissection. Be sure to scan on the ulnar side 
of the canal to view the ulnar artery and nerve and radially to 
identify the radial artery (Fig. 4.1) [6, 7]. 

Injection Techniques: In-Plane Axial Ulnar- 
Sided Approach [8] 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on the table. A towel can be placed under- 
neath the wrist to create mild extension. 

Probe position: The transducer is placed short axis (trans- 
verse) to the median nerve at the wrist. Scan proximally and 
distally until the nerve is clearly identified under the trans- 
verse carpal ligament, at approximately the level of the pisi- 
form (Fig. 4.2a). 

Markings: Because of the shallow needle plane angle, 
make sure to identify and mark off the ulnar nerve and artery 
and insert the needle just radial or deep to these structures. 

Needle position: The needle should be inserted on the 
ulnar side of the wrist crease parallel to the transducer for 
optimal needle visualization. Some practitioners attempt to 
get as close to the nerve as possible, while others argue that 
because the carpal tunnel is a confined space, placing the 
injectate anywhere in the tunnel may be effective. There are 
no studies comparing these approaches. Some practitioners 
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hydrodissect the nerve off of the flexor retinaculum or flexor 
tendons if adhesions are present. 

Injection Techniques: Out-of-Plane Axial 
Approach [9] 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on the table. A towel can be placed under- 
neath the wrist to create mild extension. 

Probe positioning: The transducer is placed axially to the 
median nerve at the wrist. Center the probe over the median 
nerve (Fig. 4.3a). 



Fig. 4.1 (a) Axial view of the carpal tunnel, (b) Orange oval , flexor 
carpi radialis; purple oval , palmaris longus; yellow oval , median nerve; 
FPL flexor pollicis longus; D and S indicate the combined eight tendons 
of the flexor superficialis and digitorum muscles; arrow with stop indi- 
cates ulnar artery; and dotted green line , flexor retinaculum 


Markings: Mark any obvious vessel or tendon prior to 
injection. 

Needle position: The needle should be inserted at a steep 
angle at the center of the ultrasound probe, directed just adja- 
cent to the median nerve. The needle tip is seen as a bright 
hyperechoic dot. The injectate is delivered next to the nerve. 
Hydrodissection is not performed with this technique since 
the whole needle path cannot be visualized. 

Safety considerations: The palmar cutaneous branch of the 
median nerve arises just proximal to the flexor retinaculum 
and is a potential site for injury using a radial-sided approach; 
therefore, the ulnar approach is recommended. The palmar 
cutaneous branch of the ulnar nerve travels superficial to the 
flexor retinaculum and is a potential site for injury with the 
in-plane ulnar-sided approach [10]. The median nerve is very 
superficial therefore the in-plane approach is preferred to max- 
imize visualization and avoid nerve injury. Patients may have 
hand numbness for the duration of the local anesthetic and 
should not plan on driving after the procedure. 

Pearls: 

• The median nerve is subject to anisotropy but not as much 
as the surrounding tendons. Nerve visualization can be 
improved by flexing and extending the fingers or wrist or 
by toggling the probe in the axial plane. 

• Tracking the nerve proximally into the forearm may help 
differentiate it from the palmaris longus tendon. 

• An oblique standoff technique may be helpful for small 
wrists. 

• Doppler mode can help identify vascular structures such 
as a persistent median artery [11]. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 



Fig. 4.2 (a) Example of probe position over carpal tunnel with ulnar-sided injection technique, (b) Example of in-plane approach. Black arrow- 
heads point to bifid median nerve. White arrowhead points to needle tip. White arrow points to needle. Arrow with stop indicates ulnar artery 
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Fig. 4.3 (a) Example of probe position over carpal tunnel, (b) Example of out-of-plane approach. White arrowhead points to needle tip. Black 
arrow points to median nerve. Green dotted line represents flexor retinaculum 


Table 4.1 Accuracy of ultrasound guided DRUJ injections 


Study - DRUJ 

Author 

Accuracy (%) 

Ultrasound guided 

Smith et al. [35] 

100 



Distal Radioulnar Joint (DRUJ) 


Although uncommon, the distal radioulnar joint (DRUJ) can 
be a source of ulnar-sided wrist pain [12]. The DRUJ allows 
for forearm supination and pronation and stabilizes the wrist. 
DRUJ pain typically comes from arthritis [13]. Presenting 
symptoms may include pain and weakness. Injections to con- 
firm DRUJ pain were typically performed with fluoroscopy. 
Ultrasound guidance enables the effective placement of a nee- 
dle into this small joint space with uneven anatomy (Table 4.1). 

Scanning Technique and Anatomy to Identify 

The patient should sit with the elbow in slight flexion and the 
forearm pronated so that the hand rests comfortably. The 
DRUJ lies deep to the fourth and fifth extensor compart- 
ments of the dorsal wrist. The transducer is placed trans- 
versely, short axis to the fourth and fifth extensor 
compartments over Lister’s tubercle and the distal ulna. 
Identify the extensor digiti minimi (EDM) muscle which lies 
over the DRUJ (Fig. 4.4) [14, 15]. 

Injection Techniques: In-Plane Axial Approach [9] 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on a table with the wrist and hand in prona- 
tion, palm down. 

Probe positioning: Place the transducer axially over the 
fourth and fifth extensor compartments at the wrist at the 


level of the ulnar styloid process and Lister’s tubercle 
(Fig. 4.5a). 

Markings: It may helpful to identify the ulnar styloid pro- 
cess and Lister’s tubercle for bony anatomy and transducer 
placement and then the fifth extensor compartment to avoid 
needle placement into the EDM. 

Needle position: The needle should be inserted on the ulnar 
side of the EDM parallel to the transducer for optimal needle 
visualization. The needle should be inserted deep to the EDM 
and aimed at the DRUJ recess between the ulna and radius. 

Safety considerations: Prior to passing the needle below 
the extensor digiti minimi tendon, Doppler may help to iden- 
tify the dorsal branch of the anterior interosseous artery 
which runs in a neurovascular bundle with transverse 
branches of the dorsal ulnar cutaneous nerve [12, 16]. 

Pearls: 

• An oblique standoff technique may be used if the ulnar 
styloid process makes an appropriate needle angle diffi- 
cult to attain. 

• Doppler mode may help identify vascular structures. 

• Extending the fingers may help improve identification of 
local anatomy. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


First Extensor Compartment 

DeQuervain’s disease is a painful tenosynovitis of the abduc- 
tor pollicis longus (APL) and extensor pollicis brevis (EPB) 
tendons in the first dorsal extensor compartment of the wrist. 
DeQuervain’s disease is thought to occur from overuse or 
trauma directly to the tendon sheath [17]. Symptoms include 
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Fig. 4.4 (a) Axial view over dorsal distal radioulnar joint, (b) 
Asterisk indicates DRUJ; purple circle , third extensor compartment 
(extensor pollicis longus); orange, fourth extensor compartment 


(extensor digitorum and extensor indicis); magenta circle, fifth exten- 
sor compartment (extensor digiti minimi); LT Lister’s tubercle; and 
ulnar head labeled 



Fig. 4.5 (a) Example of probe position over DRUJ with gel standoff technique, (b) Example of in-plane approach. White arrowhead points to 
needle tip. White arrow points to needle. Gel-gel standoff, radius, and ulna labeled 


Table 4.2 Relief following ultrasound guided 1st dorsal compartment 
injection 


Study - 1st dorsal 
compartment 

Author 

Symptomatic relief at 
follow-up (%) 

Ultrasound guided 

Jeyapalan et al. [36] 

94 


hand, wrist, and thumb pain with activities that involve 
abduction and extension of the thumb. Provocative tests such 
as Finkelstein’s maneuver may reproduce symptoms. The 
diagnosis is based on history and physical exam. 
Corticosteroid injection has been shown to provide 
improvement in pain and function (Table 4.2) [15, 18, 19]. 

Scanning Technique and Anatomy to Identify 

The patient should sit with the elbow flexed and the wrist and 
hand in neutral position so that the radial styloid is facing up. 
The first extensor compartment is located directly over the 


radial styloid process. The transducer is placed transversely, 
short axis over the radial styloid. The APL and EPB tendons 
travel through this compartment and can be separated by a 
septum. The APL lies more volar than the EPB. Scanning 
further distally will show the two tendons diverging towards 
their insertions. Scanning proximally will show them side by 
side. The compartment is covered by an extensor retinacu- 
lum. Tendon sheath thickening may be apparent with trans- 
verse or longitudinal scanning; a “donut sign” may indicate 
synovitis (Fig. 4.6) [20, 21]. 

Injection Techniques: In-Plane Longitudinal 
Approach 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on a table. Place the hand in a neutral posi- 
tion with the radial styloid facing up. 

Probe positioning: Place the probe longitudinal over the 
radial styloid and APL tendon (Fig. 4.7a). 




4 Wrist and Hand 


33 



Fig. 4.6 (a) Axial view over first extensor compartment, (b) Purple 
circle , abductor pollicis longus; orange circle , extensor pollicis brevis; 
dotted green line , extensor retinaculum; arrow with stop indicates 

Markings: Identify and mark any veins and the radial 
artery that lie volar to the 1st dorsal compartment. 

Needle position: The needle should be inserted parallel to the 
transducer for optimal needle visualization. The needle tip tar- 
get is the tendon sheath overlying the APL and EPB tendons. 

Injection Techniques: Out-of-Plane 
Axial Approach 

Patient positioning: The patient is seated with the affected 
arm resting comfortably on a table. Place the hand in a neu- 
tral position with the radial styloid facing up. 

Probe positioning: Start by placing the transducer short 
axis (transverse) over the radial styloid and scan proximally 
and distally until the APL and EPB are clearly identified 
traveling in the same compartment (Fig. 4.8a). 

Markings: Identify and mark any veins and the radial 
artery that lie volar to the 1st dorsal compartment. 

Needle position: The needle should be inserted perpen- 
dicular to the transducer. Keep the needle tip superficial as 
the target site is the tendon sheath encasing the APL and 
EPB tendons. 

Safety considerations: There is a risk of the following: 
prolonged bleeding, infection, tendon rupture, allergic reac- 
tion, increased pain, and decreased functional scores. If 
using corticosteroid, there is a risk of soft tissue (fat) atrophy 
and local depigmentation with corticosteroid injection. 


radial artery, (c) Longitudinal view over first extensor compartment, (d) 
Orange indicates abductor pollicis longus and extensor pollicis brevis; 
dotted green line , extensor retinaculum 

Pearls: 

• The superficial branch of the radial nerve can lie over the 
first dorsal compartment and may be temporarily blocked 
by the local anesthetic. 

• The footprint of a standard probe is too large to fully 
cover a short axis view of the 1st dorsal compartment, and 
an oblique standoff technique may allow for better needle 
visualization. 

• Doppler mode may help identify vascular structures. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Scaphotrapeziotrapezoid (STT) Joint 

The STT joint is located on the radial side of the wrist. STT 
joint pain is a common source of wrist pain; however, mak- 
ing an accurate diagnosis in this complex area of the wrist 
can be difficult [22]. The STT joint can produce pain on the 
dorsal or volar aspect of the wrist and mimic pain arising 
from the 1st carpometacarpal joint [23]. Patients often com- 
plain of deep achy arthritic-type pain. There are no specific 
provocative tests for STT joint pain; however, direct palpa- 
tion of the volar STT joint should reproduce the pain [24, 25] . 
The diagnosis remains challenging with history and physical 
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Fig. 4.7 (a) Example of longitudinal probe position over first extensor 
compartment, (b) Example of in-plane approach. White arrowhead 
points to needle tip. White arrow points to needle. Asterisk indicates 
injectate filling tendon sheath. Radius labeled 

exam alone. Injection into the STT joint can provide symp- 
tomatic relief and serve as a diagnostic tool (Table 4.3). 

Scanning Technique and Anatomy to Identify 

The patient should sit with the elbow flexed and the hand 
lying comfortably in the supinated position. A high-frequency 
linear transducer is placed longitudinal to the distal radius. 
The hyperechoic bony radius is followed distally until the 



Fig. 4.8 (a) Example of transverse probe position over first extensor 
compartment, (b) Example of out-of-plane approach. White arrowhead 
points to needle tip. Dotted green line - tendon sheath. Arrow with stop 
indicates radial artery 


Table 4.3 Accuracy of ultrasound guided versus palpation guided 
STT joint injections 


Study - STT 

Author 

Accuracy (%) 

Palpation guided 

Smith et al. [37] 

80 

Ultrasound guided 

Smith et al. [37] 

100 


radioscaphoid articulation is identified. Continue scanning 
distally until the trapezium and carpometacarpal joint are 
identified. Moving the thumb can help to identify the CMC 
joint. The flexor carpi radialis tendon can be visualized super- 
ficial to the STT joint. Doppler can be used to help identify 
the superficial palmer branch of the radial artery (Fig. 4.9). 

Injection Technique: Out-of-Plane 
Longitudinal Approach 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on a table. Place the hand in a supinated 
position. 
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Fig. 4.9 (a) Sagittal view over volar aspect of STT Joint, (b) Orange - flexor carpi radialis traversing superficial to the scaphoid towards the 
second metacarpal bone, asterisk indicates STT joint, scaphoid and trapezium labeled 



Fig. 4.10 (a) Example of longitudinal probe position over STT joint, (b) Example of out-of-plane approach. White arrowhead points to needle 
tip. Scaphoid and trapezium labeled 


Probe positioning: Start by placing the transducer long 
axis (longitudinal) to the radius and scan distal until the 
scaphoid, trapezium, carpometacarpal joint, and the flexor 
carpi radialis tendon are clearly identified (Fig. 4.10a). 

Markings: If the superficial palmar branch of the radial 
artery is identified, mark it so the probe and needle position 
can be adjusted to avoid puncture. 

Needle position: The needle should be inserted on the 
radial side of the transducer, centered and perpendicular. The 
needle is advanced at a 45° angle until the needle tip is iden- 
tified within the joint as a bright hyperechoic dot. 

Safety considerations: Prior to advancing the needle, 
Doppler can be used to help identify the superficial palmer 
branch of the radial artery. 

Pearls: 

• Slightly extending the wrist and applying some radial or 
ulnar deviation may help to open up the joint space. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 


• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Wrist Dorsal, Volar, and Flexor Tendon 
Sheath Ganglion Cyst 

Ganglion cysts are soft tissue masses arising from the dorsal 
or volar aspects of the wrist. They are composed of mucoid 
material contained in randomly arranged sheets of collagen 
without a synovial lining and communicate with the joint via 
a pedicle [28]. Patients with ganglia can present with a pain- 
less mass, aching at the wrist, decreased ROM, decreased grip 
strength, or paresthesias if there is nerve compression. On 
exam, wrist ganglia are usually 1-2 cm cystic structures with 
limited mobility and rubbery feel. Often clinical presentation 
and exam can be enough to make the diagnosis [26] . Treatment 
consists of observation if asymptomatic or aspiration and 
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Fig. 4.1 1 (a) Longitudinal dorsal view over distal radius and scaphoid, (b) Asterisk indicates ganglion cyst. Black arrow shows (stalk) communi- 
cation with the carpal joint. Radius and scaphoid labeled 


surgical excision if symptomatic. Ultrasound-guided aspira- 
tion has been recommended especially for volar ganglia due 
to the risk of trauma to adjacent structures such as the radial 
artery and the recurrent branch of the median nerve [27]. 

Scanning Technique and Anatomy 
to Identify: Dorsal 

The patient should sit with the elbow flexed to 90° and the 
forearm pronated so that the hand is resting comfortably. The 
most common site for ganglion cysts is the dorsal wrist as 
they arise from the scapholunate ligament 60-70 % of the 
time [28]. Begin with the probe longitudinally over the distal 
radius and scan distally until you identify the scaphoid bone. 
Once you identify the scaphoid, rotate the transducer to 
obtain an axial view of the scaphoid with the lunate located 
on the ulnar side. The majority of ganglia appear complex, 
look for well-defined margins, thick walls, posterior acoustic 
enhancement, and septations or locules [29]. 



Scanning Technique and Anatomy to Identify: 
Volar/Flexor Tendon Sheath 

To evaluate the volar side of the wrist, have the patient supi- 
nate the forearm. A towel may be placed under the wrist to 
induce slight extension. Roughly 20 % of ganglia arise on 
the volar aspect of the wrist from the radiocarpal or scapho- 
trapezial joint [30]. In addition, 10 % can arise from the 
flexor tendon sheathes [26]. The transducer is placed longi- 
tudinally over the distal radius until the radiocarpal joint is 
identified. Note the proximity of the radial artery (Fig. 4.1 1). 

Injection Techniques: In-Plane Sagittal Approach 

Patient positioning: Sit the patient with the affected wrist 
resting comfortably on a table. The forearm is pronated for a 


Scaphoid 

2 - 


Fig. 4.1 2 (a) Example of longitudinal probe position over dorsal wrist 
with in-plane gel standoff technique, (b) Example of in-plane approach. 
White arrowhead points to needle tip. White arrow points to needle. 
Asterisk indicates ganglion cyst. Scaphoid labeled 

dorsal cyst and supinated for a volar or flexor tendon sheath 
cyst. 

Probe positioning: Place the transducer long axis over the 
ganglia until the ganglia is centered on the screen. Obtain 
short axis views to determine optimal needle placement 
(Fig. 4.12a). 

Markings: Identify any neurovascular structures. 
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Needle position: The needle should be inserted in plane to 
the transducer for optimal needle visualization. Specific 
landmarks and direction of approach will vary based on the 
location of the cyst. 

Safety considerations: Prior to injection, Doppler will 
help to identify adjacent vascular structures. 

Pearls: 

• An oblique standoff technique may be used if the ganglia 
are very superficial. 

• Doppler mode may help identify vascular structures. 

• Slightly flexing and extending the wrist may help improve 
visualization of the carpal bones. 

• Flexing the fingers may help to identify structures sur- 
rounded ganglia opposed to flexor tendons. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G needle and 1-3 mL anesthetic for local anesthesia 

• 16-18G1.5" needle for aspiration 

• 0.5 mL of steroid preparation and 1 mL local anesthetic 
post-aspiration 


Trigger Finger 

Trigger finger is a stenosing tenosynovitis of the flexor digi- 
torum and flexor pollicis longus tendons. Triggering or lock- 
ing occurs at the first annular (Al) pulley which becomes 
thickened due to chronic repetitive friction. Diabetics have 
four times higher prevalence of triggering than the general 
population [31]. The diagnosis is based on history and physi- 
cal exam. There may be pain at the Al pulley, a palpable 
mass, or a tautness of the flexor tendons. The finger will get 
stuck when moving from active flexion to extension through 
the thickened Al pulley (Tables 4.4 and 4.5). 

Scanning Technique and Anatomy to Identify 

The patient should sit with the hand resting comfortably and 
the fingers extended. The Al pulley lies superficial and proxi- 
mal to the metacarpophalangeal joint. The ultrasound probe 
is placed on the volar aspect of the hand just proximal to the 
MCP joint. Longitudinal scan shows the hyperechoic meta- 
carpal head and the proximal phalanx deep with the tendons 
of the flexor digitorum profundus tendon and the flexor digi- 
torum superficialis (FDS) tendon running over. The Al pulley 
is seen here in cross section superficial to the tendon sheath. 
The probe is then rotated to give an axial image at the level of 
the Al pulley. From superficial to deep, you should appreci- 
ate the FDS, flexor digitorum profundus (FDP), the volar 
plate (VP), and the metacarpal bone. The lumbricals can be 
seen laterally. Doppler can be utilized to identify the digital 
artery. Ultrasound diagnosis for trigger finger was described 


Table 4.4 Accuracy of blind versus ultrasound guided trigger point 
injections 

Accuracy tendon Tendon proper 

Study - trigger finger sheath (%) injection (%) 

Dae-Hee Lee Blind 15 30 

et al. [38] Ultrasound guided 70 0 


Table 4.5 Outcomes of blind versus ultrasound guided trigger finger 
injections 

Success rate at 

Study - trigger finger Author 1 year (%) 

Blind Fleisch et al. [39] 57 

Blind Peters-Veluthamaningal et al. 56 

[40] 

Ultrasound guided Bodor et al. [41] 90 


by Ebrahim et al., including hypoechoic thickening of the Al 
pulley, visualization of a nodule in the FDS tendon, and 
dynamic visualization of triggering (Fig. 4.13) [32]. 

Injection Techniques: In-Plane 
Sagittal Approach 

Patient positioning: Sit the patient with the affected hand 
resting palm up comfortably on a table. 

Probe positioning: Obtain a long axis view of the 
affected flexor tendon at the level of the metacarpophalan- 
geal joint. Identify the Al pulley as a hyperechoic thicken- 
ing of the volar aspect of the tendon sheath. A flexor 
tendon nodule or thickening may be noted. The Al pulley 
synovial sheath may also demonstrate hypoechoic thicken- 
ing or an effusion. The FDS, FDP, and VP should be cen- 
tered on the screen. The Al pulley wraps over these 
structures (Fig. 4.14a). 

Markings: It may helpful to identify the digital arteries 
and nerves to avoid inadvertent needle puncture. 

Needle position: The needle is inserted at a shallow angle 
from distal to proximal so that the tip of the needle is placed 
just distal to the Al pulley and into the tendon sheath. 

Injection Techniques: Out-of-Plane 
Axial Approach 

Obtain a short axis view of the affected flexor tendon at the 
level of the metacarpophalangeal joint. Identify the Al pul- 
ley overlying the FDS and FDP. The target is centered to the 
triangle formed by the FDS/FDP/VP, metacarpal bone, and 
the Al pulley. 

Patient positioning: Sit the patient with the affected hand 
resting palm up comfortably on table. 

Probe positioning: Start by placing the transducer short 
axis (axial) over the Al pulley at the level of the metacarpal 
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Fig. 4.1 3 (a) Sagittal view over FDS and FDR (b) Orange - flexor digitorum superficialis and profundus tendons, metacarpal head and proximal 
phalanx labeled, (c) Axial view over A1 pulley at metacarpal head, (d) Dotted green line - tendon sheath, FDS, FDP, and metacarpal labeled 



Fig. 4.14 (a) Example of sagittal probe position over trigger finger approaching target. Asterisk indicates anisotropy of FDS/FDP ten- 

with gel standoff, (b) Example of in-plane approach. Black arrows dons. Bracket indicates needle reverberation 

point to tendon sheath. White arrowhead points to needle tip 


head. Make sure the pulley is located directly under the mid- 
point of the transducer (Fig. 4.15A). 

Markings: It may helpful to identify the digital arteries 
and nerves to avoid inadvertent needle puncture. 


Needle position: The needle is inserted at a steep angle, 
from either the proximal or distal end of the midpoint trans- 
ducer so that the tip of the needle is seen within the target 
triangle. The needle tip is seen as a bright hyperechoic dot. 
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Fig. 4.15 (a) Example of axial probe position over trigger finger, (b) Example of out-of-plane approach. White arrowhead points to needle tip. 
FDS, FDP, and metacarpal labeled 


Safety considerations: Do not inject the flexor tendons 
themselves. It may be helpful to retract the needle until loss 
of resistance is noted. 

Avoid the digital arteries and nerves. 

Pearls: 

• A gel standoff technique may be used in the long axis 
injection. 

• Doppler mode may help identify vascular structures. 

• Slightly flexing and extending the fingers will help to 
identify a nodule if present within the tendon. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G 1.5" needle for in-plane approach 

• 25G 0.5" needle for out-of-plane approach 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Hand: 1st Carpometacarpal (CMC) Joint 

The thumb has three joints that can develop painful arthritis: 
the interphalangeal joint (IP), the metacarpophalangeal joint 
(MCP), and the carpometacarpal joint (CMC). CMC arthritis 
appears to be more frequent in women and is related to repet- 
itive activity of the joint. Symptoms are typically thumb and 
wrist pain when pinching, grasping, and twisting the hand. 
Common physical exam findings include pain over the 
affected joint and a positive grind test [33, 34]. 

Scanning Technique and Anatomy to Identify 

The patient should sit with the elbow flexed and the hand 
resting comfortably on a table. The hand position will move 
from pronated to neutral so that much of the joint can be 
circumferentially scanned. The transducer is placed in plane 


with the axis of the thumb so that the joint between the first 
metacarpal bone and base of the trapezium is identified. The 
APL and EPB tendons can be visualized passing over the 
CMC joint. Scan from one side of the joint to the other to 
evaluate for any bony joint changes (Fig. 4.16). 

Injection Techniques: Out-of-Plane 
Longitudinal Approach 

Patient positioning: Sit the patient with the affected arm rest- 
ing comfortably on a table. Place the hand in neutral position 
with the thumb facing up. 

Probe positioning: Place the transducer in the longitudi- 
nal plane centered over CMC joint (Fig. 4.17a). 

Markings: Identify and mark the APL and EPB tendon to 
avoid inadvertent needle puncture. 

Needle position: The needle should be inserted at a steep 
angle at the center of the transducer aimed directly at the 
joint space. The needle tip should be visible within the joint. 
Proper placement can be confirmed by seeing capsular dis- 
tention upon injection. 

Injection Techniques: In-Plane Longitudinal 
Approach 

Patient positioning: The patient should sit with the affected 
arm resting comfortably on a table with the wrist and hand in 
pronation. 

Probe positioning: Start by placing the transducer longi- 
tudinal over the CMC joint (Fig. 4.18a). 

Markings: Identify and mark the APL and EPB tendon to 
avoid inadvertent needle puncture. 

Needle position: The needle should be inserted parallel to 
the transducer for optimal needle visualization. 
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Fig. 4.1 6 (a) Sagittal view over CMC joint, (b) Asterisk indicates joint space. Trapezium and first metacarpal bone labeled 



Fig. 4.1 7 (a) Example of longitudinal probe position over CMC joint, (b) Example of out-of-plane approach. White arrowhead points to needle 
tip. Trapezium and first metacarpal bone labeled 
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Fig. 4.1 8 (a) Example of probe position over CMC joint with gel standoff technique, (b) Example of in-plane approach. White arrowhead points 
to needle tip approaching joint. Asterisk indicates CMC joint space. Trapezium and first metacarpal bone labeled 
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Safety considerations: Do not inject the extensor tendons. 
Pearls: 

• An oblique standoff technique may be used. 

• Flexing the thumb may help to open the CMC joint. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 
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Ultrasound can be used in the hip to diagnose both intra- 
articular and extra-articular hip pathology, such as bursitis, 
joint effusions, and tendinopathy [1]. It also provides dynamic 
real-time images which can be compared to the contralateral 
side. Dynamic ultrasound can be useful in pathologies such as 
snapping hip syndrome [2]. In addition, Doppler can be used to 
identify any vasculature in the area when performing an inter- 
ventional procedure. Ultrasound-guided nerve blocks in the hip 
region have been shown to be more efficacious than blocks per- 
formed blindly [3]. With proper technique, the ultrasound- 
guided injections have been shown to be safe and effective [4]. 


Hip Joint 

Intra-articular hip joint injections are indicated for diagnostic 
or therapeutic purposes. Hip pain can occur from femoral ace- 
tabular impingement, avascular necrosis, labral tears, and 
synovitis but usually occurs from osteoarthritis. Groin pain is 
the principal symptom, usually exacerbated by activity and 
relieved by rest. Patients with osteoarthritis typically are older 
than 50 and have decreased and painful hip internal rotation 
and morning stiffness lasting less than 60 min [4] . Radiographic 


M.M. Ibrahim, MD 

Performance Spine and Sports Medicine, Lawrenceville, NJ, USA 
e-mail: mibrahim926@gmail.com 

Y. Scott, MD 

Department of Rehabilitation Medicine, 

Icahn School of Medicine at Mount Sinai, New York, NY, USA 
e-mail: yscott80@gmail.com 

D.A. Spinner, DO, RMSK (M) 

Department of Anesthesiology - Pain Medicine, 

Arnold Pain Management Center, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Brookline, MA, USA 
e-mail: dspinnerny@gmail.com 

J.E. Herrera, DO, FAAPMR 

Interventional Spine and Sports Medicine Division, 

Department of Rehabilitation Medicine, 

Icahn School of Medicine at Mount Sinai, 

New York, NY, USA 


criteria include the presence of osteophytes (femoral or 
acetabular) and joint space narrowing (superior, axial, and/or 
medial) [1]. Intra-articular corticosteroid and hyaluronic acid 
injections have been shown to be useful in improving pain 
associated with hip osteoarthritis (Table 5.1) [10, 11]. 

Scanning Technique and Anatomy to Identify 

The patient is placed supine with the leg in the neutral position. 
The anterior superior iliac spine (ASIS) is palpated and the 
transducer is placed in the transverse (axial) plane with the lat- 
eral end over the ASIS. The transducer is then slowly moved 
medially and inferiorly until the femoral head is visualized. The 
femoral neurovascular structures are just medial to the trans- 
ducer in this position. In order to visualize these structures, the 
transducer is rotated in the transverse plane and moved medially 
to identify the femoral nerve, artery, and vein. The use of 
Doppler can make it easier to visualize the vessels. Once the 
location of these structures is confirmed, the transducer can be 
moved back to the femoral head. While maintaining the medial 
portion of the transducer on the femoral head, the lateral end of 
the transducer is rotated inferiorly approximately 40° to visual- 
ize the femoral neck. In this view, there should be a clear picture 
of the femoral head/neck junction, the overlying hyperechoic 
iliofemoral ligament, and hip capsule. While maintaining this 
orientation, the transducer is moved slightly superolaterally to 
place the transducer as far laterally while keeping the femoral 
head/neck junction in view (Fig. 5.1) [12]. 

Injection Technique: In-Plane Sagittal 
Oblique Approach 

Patient positioning: Lay the patient supine with the leg in the 
neutral position. The hip can be slightly flexed for patient 
comfort by placing a knee roll under the ipsilateral knee. 

Probe positioning: Place the lateral end of the probe in the 
axial plane over the ASIS and scan medially and inferiorly 
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until the femoral head/neck junction comes into view. Rotate 
the lateral end of the transducer approximately 40°. At this 
point, the transducer should be parallel to the femoral neck 
(Fig. 5.2a). Be sure to identify the femoral neurovascular 
structures medial to the head/neck junction in the transverse 
plane prior to injection. 

Markings: Once the joint space is identified, the probe is 
moved as far lateral while still keeping the joint space in 
view. Mark this probe location. Rotate to the axial plane to 
scan medially, identify and mark the femoral neurovascular 
bundle, and then return to the previously marked probe posi- 
tion. Mark the skin a few centimeters distal to the inferior 
end of the transducer. By placing the needle in this location, 
it will help to increase needle visibility by keeping the needle 
more parallel to the transducer. The area is then prepped in 
the usual manner. 

Needle position: A 25 g needle can be used to anesthetize 
the area using a layer-by-layer technique with 4-6 mL of 1 % 
lidocaine [12]. Alternatively ethyl chloride spray may be used. 
A 22 or 25 gauge spinal needle with the stylet in place is then 
advanced under direct ultrasound visualization to the femoral 
head/neck junction. A slight increase in resistance is felt as the 
needle traverses through the iliofemoral ligament into the hip 
joint. Once inside the joint, a test injection of 1-2 mL of local 


anesthetic can help confirm the intra-articular placement. 

Table 5.1 Accuracy of blind versus ultrasound guided hip injections 

Study hip joint injection Author 

Accuracy 

Ultrasound guided 

Smith et al. [5] 

97 % fluoro confirmed 

Ultrasound guided 

Pourbagher et al. [6]. 

100 % CT confirmed 

Ultrasound guided 

Levi [7] 

100 % fluoro confirmed 

Blind anterior approach 

Leopold et al. [8] 

60 % dissection 

Blind anterior approach 

Dobson [9] 

61 % dissection 


Alternatively, a small amount of air can be injected to confirm 
needle placement into the joint space. If the air collects in a 
nondependent fashion along the hip joint, then the needle is 
believed to be intra-articular. However, if the air bubbles col- 
lect around the needle tip, then the needle is likely in an extra- 
articular position and needs to be adjusted. The remainder of 
the injectate can then be injected while visualizing the disten- 
sion of the capsule under ultrasound. 

Safety considerations: It is important to identify the femo- 
ral nerve, artery, and vein prior to inserting the needle in 
order to avoid piercing these structures. Care should be taken 
to avoid femoral nerve block from excessive local 
anesthesia. 

Pearls: 

• Gently pushing the probe into the skin (heel-toe maneu- 
ver) may help to better visualize deeper structures in 
larger patients. 

• In thinner patients a linear transducer may be used at a 
lower frequency or “virtual convex” setting. Using heel- 
toe maneuver may be easier to maintain constant needle 
visualization. 

• For larger patients a curvilinear transducer may be needed. 
Because of the curve, it is more difficult to visualize the 
needle in its entirety as some of the ultrasound beams will 
point away from the needle. It is important to use the heel- 
toe maneuver to maintain visualization of the needle tip. 
Equipment needed: 

• Wide-bandwidth linear array transducer (virtual convex 
mode may be helpful, if available) or low-frequency cur- 
vilinear transducer 

• 22-25 gauge 3.5-5" spinal needle 

• 1-2 mL of steroid preparation 

• 4-5 mL local anesthetic 



Fig. 5.1 (a) Sagittal oblique view of the femoral head/neck junction FN femoral neck. Arrow with stop indicates vasculature. Dotted green 

with Doppler visualizing artery, (b) Purple indicates sartorius muscle. line indicates hip joint capsule 

Orange indicates rectus femoris. IP iliopsoas muscle, FH femoral head, 
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Fig. 5.2 (a) Example of sagittal oblique probe position over femoral 
head/neck junction with in-plane needle position, (b) Example of in- 
plane long-axis approach. White arrow indicates needle. Arrowhead 


Greater Trochanteric Pain Syndrome 

Greater trochanteric pain syndrome (GTPS) is a common cause 
of lateral hip pain [13]. Tenderness to palpation over the 
affected greater trochanter defines the diagnosis. The syndrome 
has been associated with low back pain, slight female predomi- 
nance, and obesity [14]. It is usually due to a tendinopathy of 
the gluteus medius and minimus or inflammation of the greater 
trochanteric bursa (gluteus maximus) or gluteus medius bursae. 
The gluteus medius tendon inserts at two different locations on 
the greater trochanter: the superoposterior facet and the lateral 
facet. The gluteus minimus inserts on the anterior facet of the 
greater trochanter [15]. There are several bursae within this 
region. Between the gluteus minimus tendon and the anterior 
facet lies the subminimus bursa. The submedius bursa is located 
deep to the lateral insertion of the gluteus medius tendon. 
Typically, the greater trochanteric bursa is actually deep to the 
gluteus maximus tendon and superficial to the gluteus medius 
tendon. Clinically this is more tender posteriorly. Typical lat- 
eral pain is due to subgluteus minimus or medius bursitis [16]. 
Evidence supports that gluteus medius tendinopathy is the pre- 
dominant finding in patients with GTPS and not bursitis [17]. 
Therefore, injections should be directed above and below the 
gluteus medius tendon, as well as into the greater trochanteric 
bursa, if seen (Table 5.2). 


Table 5.2 GTPS relief following ultrasound guided versus blind 
injections 


Study 

Author 

Accuracy 

Ultrasound 

Labrosse et al. [11] 

72 % reported symptomatic relief 
at follow-up 

Blind 

Cohen et al. [12] 

45 % reported symptomatic relief 
at follow-up 


indicates needle tip. Black arrows indicate joint capsule. Asterisk indi- 
cates effusion. IP iliopsoas muscle, FH femoral head 

Scanning Technique and Anatomy to Identify 

The patient is placed lying on the unaffected side in the lat- 
eral decubitus position with both hips slightly flexed. The 
trochanteric bursae are not typically visualized. Even when 
inflamed, fluid collection in the bursa may be difficult to 
appreciate. The transducer is placed longitudinally, parallel 
to the femoral diaphysis and scanned anterior to posterior to 
view the gluteus minimus and medius tendon insertion [18]. 
The gluteus minimus tendon can be visualized as it attaches 
on the anterior facet of the greater trochanter. The lateral and 
posterior parts of the gluteus medius tendon can also be eval- 
uated as they insert on the lateral and superoposterior facets 
of the greater trochanter [19]. Signs of gluteus medius and 
minimus tendinopathy can also be assessed in this view. 
Look for tendon thickening, hypoechogenicity, loss of fibril- 
lar pattern, cortical irregularity, calcifications, entheso- 
phytes, or tears [20]. One can also view the greater trochanter 
in the transverse view with the probe subsequently moved 
anterior to posterior. The gluteus minimus and medius ten- 
dons will be viewed as a fibrillar hyperechoic structure 
(Fig. 5.3) [18]. 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient on the unaffected side in 
the lateral decubitus position with both hips slightly flexed. 

Probe positioning: The transducer is positioned in the 
transverse (axial) plane over the greater trochanter (Fig. 5.4a). 
A fluid-filled bursal sac may be seen just superficial to the 
greater trochanter or superficial to the gluteus medius or 
minimus tendons. 

Markings: No special markings are needed. 
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Fig. 5.3 (a) Transverse view of the greater trochanter, (b) Purple indi- tract. White arrow indicates subgluteus maximus bursa (trochanteric 
cates gluteus minimus attaching to anterior facet. Orange indicates glu- bursa). Greater trochanter labeled 
teus medius attaching to lateral facet. Black arrow indicates iliotibial 



Fig. 5.4 (a) Example of probe position over greater trochanter with in-plane injection technique, (b) Example of in-plane axial approach. White 
arrow indicates needle. Arrowhead indicates needle tip. Asterisk indicates anisotropy within tendon. Greater trochanter labeled 


Needle position: The needle is advanced under ultrasound 
guidance into the fluid-filled bursal sac if visualized; other- 
wise, it is placed both superficial and deep to the gluteus 
medius tendon, in the subtrochanteric or subgluteus medius 
bursa, respectively. Half of the medication may be injected 
into each site to cover both bursae. 

Safety considerations: There are no major overlying 
blood vessels or nerves to avoid. 

Pearls: 

• Be careful not to apply too much force on the transducer 
as you may compress the inflamed bursa and cause pain 
during the procedure. 

Equipment needed: 

• High-frequency linear array transducer (8 MHz+) 

• 22-25 gauge 1.5-3" needle 


• 1 mL of steroid preparation 

• 4-5 mL local anesthetic 


Hip Adductor Tendinosis/Obturator Nerve 

Groin pain is a common complaint in many sports. Adductor 
tendinopathy accounts for 2/3 of all sports related groin inju- 
ries, most commonly in hockey, soccer, and running [3, 20]. 
Patients typically complain of groin or pelvic pain exacer- 
bated by sport- specific activities. Provocative physical exam 
maneuvers may include a positive squeeze test and pain at 
the adductor origin with passive stretch or resisted adduc- 
tion. Treatment is typically conservative with relative rest, 
pain medications, and physical therapy. If the pain is not 
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relieved, different injections have been proposed to help with 
pain and/or healing [21]. 

The obturator nerve is derived from the ventral rami of 
L2, 3, and 4. As the nerve courses inferiorly through the pel- 
vis, it divides into an anterior and posterior division. The 
anterior division provides motor innervation to the adductor 
longus, adductor brevis, and gracilis muscles while also sup- 
plying cutaneous innervation to the medial thigh [22]. The 
posterior division innervates the adductor magnus and pro- 
vides a sensory branch to the medial side of the knee joint 
[3]. Obturator nerve blocks are important for providing pain 
relief or motor blockade in cases of preventing obturator jerk 
reflex during transurethral bladder tumor resections, obtura- 
tor neuralgia, or adductor spasticity as seen in cerebral palsy, 
spinal cord injury, and other upper motor neuron syndromes. 
They may also be useful in assisting in the treatment or diag- 
nosis of hip pain (Table 5.3) [18]. 

Scanning Technique and Anatomy to Identify 

The patient is placed in the supine position, with the leg 
external rotated. Start by placing the probe in the transverse 
view over the pubic tubercle. Then move the transducer lat- 
erally until the three layers of adductor muscles appear. The 
superficial layer represents the adductor longus laterally and 
the gracilis medially. The middle layer represents the adduc- 


Table 5.3 

Accuracy of ultrasound guided obturator nerve injections 

Study 

Author 

Accuracy 

Ultrasound 

Soong et al. [16] 

85 % - anterior division 

87.5 % - posterior division 

Ultrasound 

Sinha et al. [17] 

93 % - using interfascial 
injection approach 


tor brevis. In between the fascia of the adductor longus and 
adductor brevis muscles is the anterior division of the obtura- 
tor nerve. The obturator nerve does not have the “honey- 
comb” appearance under ultrasound as do other nerves. 
Instead, it is localized by its distinct appearance passing 
through the fascial planes of the adductor brevis. It is impor- 
tant to visualize the medial femoral circumflex artery and 
vein which traverses between the pectineus muscle and ilio- 
psoas muscle which then continues to travel intrafascially 
between the obturator externus and adductor brevis muscle 
[3]. Deep to the adductor brevis, the posterior division of the 
obturator nerve can be seen traversing the fascia. The ante- 
rior and posterior divisions of the obturator nerve can be 
localized approximately 2-3 cm lateral and 2-4 cm distal 
from the pubic tubercle. The anterior division is located 
about 1.2-2 cm deep, while the posterior division is located 
about 2. 3-3. 6 cm deep. The deep layer of muscle represents 
the adductor magnus. Scan proximally toward the pubis to 
view the insertion of these muscles. The insertion of the 
adductor longus tendon can be seen with its triangular 
hypoechoic shape. Although much more difficult to visual- 
ize, the common obturator nerve can be found approximately 
1-3.5 cm lateral and 1-3 cm distal from the pubic tubercle 
(Fig. 5.5) [18]. 

Injection Technique: In-Plane Coronal 
Approach 

Patient positioning: Lay the patient supine with the leg in 
slight external rotation; the affected hip can be slightly flexed 
for comfort. 

Probe positioning: Place the probe in the transverse view 
over the ipsilateral pubic tubercle and scan laterally until the 



Fig. 5.5 (a) Coronal view off of the pubic ramus, (b) Magenta indicates adductor longus. Purple indicates adductor brevis. Orange indicates 
adductor magnus. Pubic ramus labeled 
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Fig. 5.6 (a) Example of probe position over adductor musculature and 
obturator nerve with in-plane injection technique, (b) Example of in- 
plane coronal approach. Arrow indicates needle. Arrowhead indicates 
needle tip in the fascial plane between the adductor longus and brevis 


for the anterior division. Pubic ramus labeled, (c) Example of in-plane 
long-axis approach. Arrow indicates needle. Arrowhead indicates nee- 
dle tip in the fascial plane between the adductor brevis and magnus for 
the posterior division. Pubic ramus labeled 


three layers of adductor muscles come into view. Turn the 
probe until a longitudinal view of the adductor musculature 
is attained (Fig. 5.6a). The anterior division of the obturator 
nerve will be seen traversing the fascial plane between the 
adductor longus and adductor brevis muscles, while the pos- 
terior division will be seen traversing the fascial plane 
between the adductor brevis and adductor magnus muscles. 
The medial femoral circumflex artery can be seen between 
the obturator externus and the adductor brevis [18]. The 
obturator artery usually divides into anterior and posterior 
branches which encircle the obturator foramen. 

Markings: Obturator and medial femoral circumflex arter- 
ies and veins if noted. 

Needle position: Advance the needle under direct ultrasound 
visualization so that the needle tip is directed just outside the 
desired adductor tendon or to the fascial plane of the obturator 
nerve division of interest. Even if nerve visualization is difficult, 
spread of local anesthetic in the appropriate fascial plane under 
direct ultrasound guidance confirms an accurate block. 


Safety considerations: It is important to identify the obtu- 
rator and medial femoral circumflex arteries and veins prior 
to inserting the needle in order to avoid piercing these struc- 
tures [18]. 

Pearls: 

• Externally rotating the leg with the knee flexed can result 
in poor nerve imaging. 

• Given the probe compression needed to visualize the 
obturator nerve, the walls of the obturator vein may be 
collapsed and therefore not visible. Doppler mode can 
help visualize the obturator artery which lies in close 
proximity, or the probe pressure can be released to visual- 
ize rebound flow. 

Equipment needed: 

• High-frequency linear array transducer (8 MHz+) 

• 22-25 gauge 1.5-3" needle 

• 1 mL of steroid preparation if desired 

• 3-5 mL of local anesthetic or alcohol or phenol 
solution 
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Lateral Femoral Cutaneous Nerve 

The lateral femoral cutaneous nerve is a pure sensory nerve that 
arises from the L2 and L3 spinal nerve roots. The nerve travels 
downward lateral to the psoas muscle and then crosses the iliacus 
muscle. Near the anterior superior iliac spine (ASIS), the nerve 
courses in contact with the lateral border of the inguinal ligament 
[23]. It is susceptible to compression as it courses from the lum- 
bosacral plexus, through the abdominal cavity, under the ingui- 
nal ligament, and into the subcutaneous tissue of the thigh [24]. 

Meralgia paresthetica is used to describe the clinical syn- 
drome of pain, burning, numbness, and paresthesia in the 
anterolateral thigh associated with compression of the nerve 
[25]. This more commonly occurs in obese or pregnant patients 
because of the abdomen bulging over the inguinal ligament. 
However, in some cases, it can also be idiopathic or caused by 
trauma [26]. Symptoms may be worse with walking, prolonged 
sitting, or prolonged standing and typically improve with weight 
loss or the loosening of belts or clothing. In some cases, surgery 
may be needed to release the nerve [25]. However, local anes- 
thetics or steroid can also be used to anesthetize the nerve and 
provide pain relief and avoid the need for surgery (Table 5.4). 

Scanning Technique and Anatomy to Identify 

The patient is placed supine with the leg in the neutral posi- 
tion. The anterior superior iliac spine is palpated and the 


Table 5.4 Accuracy of blind versus ultrasound guided LFCN 
injections 


Study 

Author 

Accuracy 

Ultrasound 

Peng et al. [27] 

70% 

Blind 

Shannon et al. [28] 

40% 

Ultrasound vs blind 

Ng et al. [29] 

84.2 % vs. 5.3 % 


lateral end of the transducer is placed over it in the trans- 
verse position. The medial end can then be turned slightly 
caudally so that the probe lies directly over the inguinal 
ligament. The probe is then moved medially and caudally to 
search for the “honeycomb” appearance of the lateral femo- 
ral cutaneous nerve deep to the fascia lata [25]. However, 
the nerve may be difficult to identify. In a thin patient, the 
nerve may be seen proximal to the inguinal ligament lying 
over the iliacus muscles. At the level of the inguinal liga- 
ment, the nerve can be seen medial to the ASIS between the 
iliacus muscle and the inguinal ligament. Distal to the ingui- 
nal ligament, the course of the nerve may vary. If the nerve 
continues superficial to the iliacus muscle, then it may be 
appear as a hyperechoic structure between the fascia iliaca 
and fascia lata approximately 2-3 cm from the ASIS. 
Alternatively, it may travel laterally and be found superficial 
to the sartorius muscle or pass through the sartorius and pos- 
terior to the ASIS (Fig. 5.7) [24]. 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient supine with the leg in the 
neutral position. 

Probe positioning: Axial plane with the nerve centered 
(Fig. 5.8a). 

Markings: Once the nerve is located, the transducer is 
moved medially to allow easier needle access. The location 
of the probe can be marked on the skin along with the loca- 
tion of the initial needle puncture. 

Needle position: The needle is advance in-plane from lat- 
eral to medial under direct ultrasound guidance. If the ASIS 
does not allow for this approach, a medial to lateral approach 
can be utilized. In cases where the nerve is difficult to visual- 
ize, one may use hydro-dissection deep to the level of the 



Fig. 5.7 (a) Axial view of the lateral femoral cutaneous nerve, (b) Purple indicates rectus femoris muscle. Orange indicates vastus lateralis 
muscle. Yellow circle surrounds lateral femoral cutaneous nerve 
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Fig. 5.8 (a) Example of axial probe position adjacent to ASIS over the 
lateral femoral cutaneous nerve with in-plane needle position, (b) 
Example of in-plane axial approach. White arrow indicates needle. 

fascia lata just medial to the ASIS to improve visualization 
of the nerve. If the lateral femoral cutaneous nerve is still not 
found, then the probe should be placed over the ASIS, scan- 
ning along the sartorius muscle medially and distally to 
locate the nerve as it crosses the muscle superficially. Once 
the nerve is located, the medication is injected and the 
perineural spread can be visualized under ultrasound. 

Safety considerations: It is important to identify the femo- 
ral nerve, artery, and vein prior to inserting the needle in 
order to avoid piercing these structures. If injection of the 
nerve is superficial to the inguinal ligament, avoid bowel or 
bladder puncture. 

Pearls: 

• If the nerve is difficult to see, identify the fascial plane 
where the nerve is known to lie and ensure that the injec- 
tate spreads appropriately. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 22-25 gauge 1.5 or 3" spinal needle 

• 1 mL of steroid preparation 

• 3-5 mL local anesthetic 


Iliopsoas Bursitis/Tendinopathy 

Iliopsoas tendinopathy is another source of anterior hip pain 
[30]. Directly anterior to the hip joint is the iliopsoas muscle 
complex, which is composed of the iliacus, the psoas major, 
and the psoas minor. The iliopsoas tendon inserts onto the 
lesser trochanter [31]. Iliopsoas tendinopathy can lead to 
snapping hip syndrome, which is characterized by pain and 
snapping of the hip with movement. The snapping is caused 
by an abnormal interposition of the medial fibers of the ilia- 
cus muscle between the psoas major tendon and the superior 
pubic ramus, which corrects abruptly during hip movement, 


White arrowhead indicates needle tip. Black arrowhead indicates lat- 
eral femoral cutaneous nerve. Bracket indicates needle reverberation. 
ASIS anterior superior iliac spine 

thus creating the snapping sensation [32]. In many cases, it 
will be associated with an iliopsoas bursitis [33]. The ilio- 
psoas bursa is located at the posteromedial aspect of the dis- 
tal iliopsoas. The bursa may communicate with the hip joint 
in up to 15 % of the population [34]. Treatment options 
include rest, analgesics, physical therapy, and corticosteroid 
injections into the iliopsoas bursa. In addition, surgical 
lengthening or release of the iliopsoas tendon can also be 
performed [1]. 

Scanning Technique and Anatomy to Identify 

The patient is placed supine with the leg in the neutral posi- 
tion. The ASIS is palpated and the transducer is placed in 
the transverse (axial) plane with the lateral end just medial 
to the ASIS. The transducer is then moved medially until the 
femoral head is visualized. The femoral neurovascular 
structures are just medial to the transducer in this position. 
The use of Doppler can make it easier to visualize the ves- 
sels. Just lateral to these structures is the iliopsoas tendon 
[35]. The tendon can be followed up to the acetabular brim. 
At this level, the iliopsoas bursa can be seen lying deep to 
the tendon [33]. 

To visualize the snapping of the iliopsoas tendon, the 
transducer is placed parallel to the inguinal ligament over 
the iliopsoas at the level of the pelvis. The patient is asked 
to flex and externally rotate the hip and then slowly 
straighten the leg. Normally, the muscles will rotate slowly 
without any abrupt snapping. However, with snapping hip 
syndrome, the medial fibers of the iliacus are interposed 
between the psoas major and the ilium. Therefore, as the 
leg is straightened, the iliopsoas tendon abruptly snaps 
toward the ilium as the iliacus fibers move and are no lon- 
ger interposed (Fig. 5.9) [32]. 
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Fig. 5.9 (a) Sagittal view of the iliopsoas muscle over femoral head, (b) IP, iliopsoas muscle and tendon ( orange ) anterior to the femoral head 



Fig. 5.1 0 (a) Example of probe position over femoral head with in-plane injection technique, (b) Example of in-plane sagittal approach. Arrow 
indicates needle. Arrowhead indicates needle tip. Femoral head labeled 


Injection Technique: In-Plane Sagittal 
Approach 

Patient positioning: Lay the patient supine with the leg in the 
neutral position. 

Probe positioning: Place the lateral end of the probe in the 
transverse (axial) position just medial to the ASIS and scan 
medially until the femoral head comes into view. Be sure to 
identify the femoral neurovascular structures medial to the 
femoral head in the transverse plane prior to inserting the nee- 
dle. Lying just lateral to the neurovascular bundle is the ilio- 
psoas tendon. The tendon can be followed proximally to the 
acetabular brim, where deep to the tendon, the bursa is located. 
Rotate the probe 90° to obtain a longitudinal or sagittal view 
of the iliopsoas muscle crossing the femoral head (Fig. 5.10a). 

Markings: Identify the femoral neurovascular bundle. 

Needle position: The needle is advanced under direct 
ultrasound visualization into the iliopsoas tendon using a 
distal to proximal approach. A lateral to medial approach can 


also be utilized to gain access to the iliopsoas bursa deep to 
the tendon. The needle tip is positioned between the ilio- 
psoas muscle-tendon complex and the ilium at the level of 
the iliopectineal eminence [32]. 

Safety considerations: It is important to identify the femo- 
ral nerve, artery, and vein prior to inserting the needle in 
order to avoid piercing these structures. 

Pearls: 

• If the goal of the injection is to diagnose extra-articular 
pathology, then it is important to keep the needle tip supe- 
rior to the femoral head. This will ensure that the injection 
remains outside of the hip joint capsule. 

• Similarly, avoid injecting into the iliopsoas bursa as the 
medication may gain access to the hip joint if a communi- 
cation exists between these two spaces. 

Equipment needed: 

• Linear array transducer ( 8-4 MHz) 

• 22-25 gauge 3.5-5" spinal needle 

• 1 mL of steroid preparation 

• 4-5 mL local anesthetic 
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Iliohypogastric and Ilioinguinal Nerves 

The nerves that supply the skin between the abdomen and the 
thigh are called the border nerves; they consist of the iliohy- 
pogastric, ilioinguinal, and genitofemoral nerves. These 
nerves are oftentimes damaged after surgeries such as appen- 
dectomies, inguinal hernia repairs, or cesarian sections. The 
nerves may be of interest to help diagnose and treat chronic 
inguinal and lower abdominal pain. 

The iliohypogastric and the ilioinguinal nerves stem from 
the anterior rami of LI and runs subperitoneally. The iliohy- 
pogastric nerve pierces the internal oblique muscles and pro- 
vides motor fibers to the internal oblique muscles. It travels 
between the internal and external obliques distributing sen- 
sory fibers to the skin over the rectus abdominus. The ilioin- 
guinal nerve travels under the psoas, pierces the abdominal 
muscle, and gives sensory fibers to the inguinal region and 
anterosuperior thigh (Table 5.5). 

Scanning Techniques and Anatomy to Identify 

For the ilioinguinal/iliohypogastric block, locate the ASIS 
and draw a line connecting the ASIS with the umbilicus. 
Slowly move the transducer along that line, perpendicular to 
the inguinal ligament. Rotate the transducer until three layers 
of muscle are visualized. These three muscles are the inter- 


Table 5.5 Accuracy of blind versus ultrasound guided II and IH 
injections 


Study of the II and IH 
injection 

Author 

Accuracy 

Blind injection for II 
and IH 

Thibaut et al. [36] 

68 % dissection 

Ultrasound-guided 

injection 

Eichenberger et al. [37] 

95 % dissection 


nal oblique, external oblique, and transverse abdominis (10, 
EO, TA). One should be able to observe splitting of the fascia 
between the TA and 10 which is where the ilioinguinal and 
iliohypogastric nerve traverses through. It can typically be 
found 1-3 cm medially from the ASIS. The iliohypogastric 
nerve is typically located more medially (Fig. 5.11) [33]. 

Injection Techniques: In-Plane Axial 
Oblique Approach 

Patient positioning: Place the patient in the supine position. 
Drape appropriately. 

Probe positioning: Place the lateral end of the probe in a 
transverse (axial) plane over the ASIS, and rotate (oblique) 
until the nerve is identified (Fig. 5.12a). Visualize the TA and 
10 medially. 

Markings: Once the nerve is identified, mark the probe loca- 
tion. Identify and mark the femoral neurovascular bundle, then 
return to the previously marked probe position. Mark the skin a 
few centimeters distal to the inferior end of the transducer. 

Needle position: A 25 g needle can be used to anesthetize the 
area using a layer-by-layer technique with 4-6 mL of 1 % lido- 
caine.7 Alternatively ethyl chloride spray may be used. A 22 or 
25 gauge needle is then advanced under direct ultrasound visu- 
alization. Direct the needle toward the separation between the 
internal oblique and transverse abdominus muscles. Inject up 
to 5 mL of local anesthetic between both muscles. The patient 
should soon feel numbness in the groin region [34]. 

Safety considerations: It is important to identify any vas- 
culature prior to inserting the needle in order to avoid pierc- 
ing these structures. 

Pearls: 

• The II and IH can be found between the transverse 
abdominal muscle and internal oblique muscle with 90 % 
probability [32]. 



Fig. 5.11 (a) Axial oblique of the ilioinguinal nerve, (b) Orange indi- indicates neurovascular bundle. Black arrows with stops indicate 
cates internal oblique muscle. Purple indicates external oblique muscle. peritoneum 
Magenta indicates transverse abdominis muscle. White arrow with stop 
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Fig. 5.12 (a) Example of axial oblique probe position medial to the 
ASIS over the ilioinguinal and iliohypogastric nerves with in-plane 
needle position, (b) Example of in-plane approach. Long white arrow 


• The size of the ilioinguinal nerve is inversely proportional 
to the iliohypogastric nerve [38]. 

• A nerve stimulator may be helpful in addition to ultra- 
sound guidance 

Equipment needed: 

• Linear array transducer (7 MHz+) 

• 22-25 gauge 1.5-3" spinal needle 

• 1 mL of steroid preparation 

• 4-5 mL local anesthetic 


Piriformis 

The piriformis muscle lies deep to the gluteus maximus, 
originating from the anterior sacrum at Sl-3 and inserting 
onto the superolateral facet of the greater trochanter. The 
function of the piriformis is to abduct the flexed thigh and to 
externally rotate the extended thigh. The sciatic nerve nor- 
mally exits the greater sciatic foramen beneath the pirifor- 
mis muscle, but there are anatomical variants in which the 
nerve can exit above or through the piriformis. A patient 
may complain of pain in the gluteal region with palpation, 
sciatica, or pain noticed more with sitting as compared to 
standing. Piriformis syndrome may arise due to overuse 
(such as excessive exercise) or prolonged sitting. Between 1 
and 2 % of lower back pain can be attributed to piriformis 
syndrome [35]. Provocative tests include the PAIR test 
where the patient is placed in the contralateral decubitus 
position and the ipsilateral hip is flexed, adducted, and inter- 
nally rotated. This should reproduce concordant buttock 
pain and possibly sciatica if present. Preiberg, Beatty, and 
Pace maneuvers can also be helpful, but physical exam 
alone is difficult (Table 5.6) [35]. 


indicates needle trajectory. White arrow with stop indicates neurovascu- 
lar bundle. Black arrows with stops indicate peritoneum. ASIS anterior 
superior iliac spine 


Table 5.6 Accuracy of ultrasound guided versus fluoroscopic pirifor- 
mis injections 


Study of piriformis injection 

Author 

Accuracy 

Ultrasound guided 

Finnoff et al. [39] 

95 % confirmed 

Fluoroscopic 

Thibaut et al. [36] 

30 % confirmed 


Scanning Techniques and Anatomy to Identify 

Palpate the posterior superior iliac spine (PSIS) and place the 
transducer horizontally over the bone. Move caudally until the 
posterior inferior iliac spine is visualized. Move slightly infe- 
rior to the PUS remaining lateral to the sacrum; the image will 
show the greater sciatic notch. The piriformis muscle will 
appear deep to the lateral sacral border. The muscle superficial 
to the sacrum is the gluteus maximus. To confirm the location 
of the piriformis muscle, laterally follow the muscle to its 
insertion into the superior greater trochanter (Pig. 5.13) [38]. 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Lay the patient in the prone position. 
Drape appropriately. 

Probe positioning: Place the medial side of the transducer 
axially over the S2-4 portion of the sacrum and then move 
laterally over the piriformis (Fig. 5.14a). 

Markings: The intersection between the inferior border of 
the SI joint and the greater trochanter is the presumed loca- 
tion of the piriformis [27]. Mark the sciatic nerve is visible to 
avoid inadvertent puncture. 

Needle position: Insert the needle from medial to lateral 
under direct ultrasound visualization [8]. As the needle goes 
through the gluteus maximus and approaches the piriformis, 



54 


M.M. Ibrahim et al. 





General 
F w* 10. OM 
Depth S.Scm| 
Sector Ext 
Gain 64% 
FrRate High 
FPS35HZ 
Dyn GSdB 
Persist 2 
Map 6 
Chroma 0 
Power 0 
MkO.62 
Clarity Hed 


-Subcutaneous 
3?=Pat= 



Ilium 


General 

Freq 10 OM 
Depth 6.5 tm| 
Sector Ext 
Gain 64% 
Prftate High 
FPS 35Hz 
Dyn 65dG 
Persist 2 
Map 6 
Chroma 0 
Power 0 
Mkti.62 
Clarity Med 


Fig. 5.1 3 (a) Axial view of the piriformis muscle, (b) Purple indicates gluteus maximus. Orange indicates piriformis muscle. Subcutaneous fat 
and ilium labeled 
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Fig. 5.14 (a) Example of axial probe position over piriformis muscle with in-plane needle injection technique, (b) Example of in-plane axial 
approach. Arrow indicates needle. Arrowhead indicates needle tip. Piriformis, gluteus maximus, and subcutaneous fat labeled 


internally and externally rotating the leg will help identify 
the muscle. 

Safety considerations: Due to anatomical variations with 
regard to the course of the sciatic nerve, it is important to 
ensure that the anatomical landmarks are confirmed. 

Pearls: 

• The most common anatomical variant associated with the 
piriformis is called Beaton Type B, which occurs when 
the common peroneal nerve pierces the piriformis 
muscle. 

• Three muscles forming the tricipital tendons (superior 
and inferior gemellus muscles and the obturator internus) 
are also attached to the greater trochanter and can resem- 
ble the piriformis muscles. These are inferior to the piri- 
formis, so it is important to locate the muscle by starting 
at the PSIS and scanning inferiorly. Flexing the knee and 


internally and externally rotating the leg can also help to 
delineate the piriformis muscle. 

• Injecting <0.5 mL of normal saline, which will appear 
hypoechoic in the muscle, can help to confirm that the 
correct structure is located [29]. 

• A nerve or muscle stimulator may be helpful, to stimulate 
the piriformis or sciatic nerve, respectively. When the 
needle is in close proximity to the nerve, ankle and knee 
flexion will be seen; when the needle is retracted into the 
muscle belly, only local contraction or hip abduction or 
external rotation may be noted. 

Equipment needed: 

• Low to medium-frequency linear or curvilinear transducer 

• 22-25 gauge needle 

• 1 mL of steroid preparation 

• 2-4 mL local anesthetic 
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Various pathologies afflict the knee including overuse inju- 
ries, tendinopathies, ligament sprains, nerve injuries, bursi- 
tis, meniscal tears, and various arthritides. Ultrasound 
guidance is particularly useful in this region for aspiration 
and injection of the tibiofemoral and tibiofibular joint spaces, 
pes anserine bursa, and Baker’s cysts. It is also a valuable 
tool for popliteus, iliotibial band, patellar and quadriceps 
tendon tenotomies, prolotherapy, and PRP injection. 


Knee Osteoarthritis (OA) and Joint Effusion 

Knee osteoarthritis is one of the most commonly seen condi- 
tions in a musculoskeletal practice. Musculoskeletal ultra- 
sound is becoming the gold standard for diagnosing synovitis 
and/or effusion in chronic painful OA [1]. Recent studies 
have demonstrated improved accuracy of injections, 
increased responder rate to treatment, decreased pain scores, 
and a reduction in overall cost per year with ultrasound guid- 
ance [1-4]. Inaccurate steroid injections can result in steroid 
articular cartilage atrophy, crystal synovitis, and postinjec- 
tion pain (Tables 6.1, 6.2, 6.3) [2]. 


D.A. Spinner, DO, RMSK (El) 

Department of Anesthesiology - Pain Medicine, Arnold Pain 
Management Center, Beth Israel Deaconess Medical Center, 
Harvard Medical School, Brookline, MA, USA 
e-mail: dspinnerny@gmail.com 

H. Danesh, MD 

Department of Anesthesiology - Pain Medicine, Icahn School of 
Medicine at Mount Sinai, New York, NY, USA 
e-mail: houmanmd@gmail.com 

W.S. Baksh, MD, DPT 

Advanced Pain Relief Center, Winchester Medical Center, 

Winchester, VA, USA 

e-mail: waheed.baksh@gmail.com 


Scanning Technique and Anatomy to Identify 

Lay the patient supine with the knee flexed 20-30°. Place the 
probe longitudinally on the midline superior pole of the 
patella. From deep to superficial, visualize the femur, pre- 
femoral fat pad, hypoechoic suprapatellar joint space, supra- 
patellar fat pad, and quadriceps tendon inserting onto the 
patella. Rotate the probe 90° to the axial (transverse) plane. 
From deep to superficial, view the femur, prefemoral fat pad, 
hypoechoic suprapatellar and parapatellar joint spaces, 
suprapatellar fat pad, and quadriceps tendon. Glide medial 
and lateral here to assess for fluid in the medial and lateral 
parapatellar recesses. Milking or compressing those areas 
may help delineate the joint space (Fig. 6.1). 

Injection Techniques: In-Plane Superolateral 
Approach 

Patient positioning: Lay the patient supine, knee flexed 
20-30°. Place a towel or pillow underneath the knee. 

Probe positioning: Place the probe axial (transverse) over 
the distal thigh, superior to the patella (Fig. 6.2a). 
Suprapatellar joint fluid may be visualized directly under the 
quadriceps tendon or deep to the suprapatellar fat pad. 

Markings: Identify the quadriceps tendon and muscles, 
periosteum, and fat pads to avoid these structures when 
injecting. 

Needle position: Insert the needle in-plane from lateral to 
medial in the superolateral region of the knee. 

Safety considerations: Identify and avoid any obvious 
vessels. 

Pearls: 

• Fluid in the parapatellar recesses is dependent: Keeping 
the knee flexed allows joint fluid to collect in the suprapa- 
tellar space. Alternatively, one may milk the fluid from 
the parapatellar recesses into the suprapatellar pouch. 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-l-4614-8936-8_6, © Springer Science+Business Media, LLC 2014 
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Table 6.1 Utility of ultrasound guided knee injections 

Study 

Author 

Outcomes 

Clinical utility of ultrasound guidance for intra-articular 
knee injections 

Berkoff et al. [2] 

Image-guided Accuracy 96.7 % vs. anatomic (blind) 81.0 %, 

75 % reduction in significant pain and 26 % increase in 
responder rate 

A randomized controlled trial evaluating the cost- 
effectiveness of sonographic guidance for intra-articular 
injection of the osteoarthritic knee 

Sibbitt et al. [5] 

48 % less procedural pain, 42 % reduction in pain scores, 36 % 
increase in therapeutic duration, 58 % reduction in cost per 
responder per year 


Table 6.2 Accuracy of knee joint injections Table 6.3 Comparing location of ultrasound guided knee injections 


Author 

Image-guided (%) 

Anatomical (blind) (%) 

Study 

Approach 

Accuracy (%) 

Cunnington et al. [6] 

91.4 

81.8 

Comparison of sonographically 

Superolateral 

100 

Park et al. [7] 

96 

83.7 

guided intra-articular injections at 

Midlateral 

95 

Balint et al. [8] 

94.7 

40.0 

three different sites of the knee [9] 

Medial 

75 



Fig. 6.1 (a) Sagittal view over suprapatellar joint recess, (b) Orange labeled, (c) Axial view over suprapatellar recess, (d) Orange indicates 

indicates quadriceps tendon, SPFP suprapatellar fat pad, PFFP pre- quadriceps tendon, asterisk indicates joint space, femur labeled 

femoral fat pad, asterisk indicates joint recess, patella and femur 


Insert the needle deep to the quadriceps tendon through the 
vastus lateralis, and keep the needle at a flat angle to avoid 
needling the tendon and allow for optimal visualization. 
Vary the pressure on the transducer and use local anesthetic to 
hydrodissect the suprapatellar space if no effusion is present. 


Equipment needed: 

High-frequency linear array transducer (8 MHz+) 
22G-25G 1.5" needle ( 3 " for morbidly obese) 

1 mL of steroid preparation 
3-5 mL local anesthetic 
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Fig. 6.2 (a) Example of probe position over suprapatellar joint recess 
with in-plane injection technique, (b) Arrowhead indicates needle tip 
within joint recess, arrow points to needle, asterisk indicates effusion, 
femur labeled 


Patellar Tendinosis 

Patellar tendinosis or “juniper’s knee” is a common source of 
focal anterior knee pain for active, high-impact activity indi- 
viduals [3]. Treating chronic patellar tendinosis is challenging 
given the low capacity for tendons to heal [4]. It is not clear 
why tendinosis develops. Histologically, there is evidence of 
tissue degeneration with failed reparative response and 
absence of inflammatory cells. Research on patellar tendinop- 
athy does not support any one treatment as the most effective. 
Patellar tendon needling has been described using no injectate 
(needle alone), with sclerosing agents, autologous blood or 
platelet-rich plasma (PRP), and corticosteroids [10-13]. 


transducer longitudinally over the patellar tendon. 
Proximally, visualize the hyperechoic patella with the fibril- 
lar patellar tendon coming off it and Hoffa’s fat pad immedi- 
ately deep to the tendon. In patellar tendinosis, there will be 
tendon irregularity, thickening, areas of hypoechoic swell- 
ing, and potentially neovascularization [14]. Scan the entire 
width and entire length of the tendon from the inferior pole 
of the patella to its insertion onto the tibial tuberosity, in both 
short and long axis (Fig. 6.3). 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Lay the patient supine, knee flexed about 
30° with a pillow or rolled towel placed underneath. 

Probe positioning: Place the transducer over the middle of 
the patella to obtain an axial view (Fig. 6.4a). 

Markings: No significant vascular or neural structures 
need to be marked. 

Needle position: Insert the needle in-plane from a lateral 
to medial or medial to lateral direction, aiming at the areas of 
greatest tendinosis. 

Safety considerations: Care should be taken when inject- 
ing a tendon, as this may increase susceptibility to tendon 
rupture [15, 16]. 

Pearls: 

• Use a larger gauge needle to break up calcium deposits. 

• Increasing the gain on Doppler may help identify 
neovascularization. 

• Switch between long and short axis to visualize the entire 
area of tendinosis while redirecting the needle in all direc- 
tions, both in and out of plane. 

• Use the “K-turn” - insert the needle, then retract, then 
adjust clockwise or counterclockwise, insert, then retract, 
and continue in this manner in order to increase the 
amount of tendon covered without having to reinsert the 
needle through the skin. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+). 

• 25 gauge, 1.5" needle. 

• 0.5 mL of steroid preparation or 2-4 mL of PRP or autol- 
ogous whole blood. 

• 1-3 mL of local anesthetic. 

• For PNT, use a larger (18-20 gauge) needle. 


Pes Anserine Bursitis 


Pes anserine bursitis is a common source of medial- sided 
Scanning Technique and Anatomy to Identify knee pain, frequently associated with worsening knee OA, 

overuse, or repetitive trauma [17]. It typically presents with 
Lay the patient supine, knee flexed approximately 30°, with pain with walking and climbing or descending stairs [18]. 
a pillow or rolled towel underneath the knees. Place the Patients typically have tenderness to palpation over the 
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Fig. 6.3 (a) Sagittal view of patellar tendon, (b) Orange indicates patellar tendon, P patella, T tibial tuberosity, Hoffa fat pad labeled, (c) Axial 
view of patellar tendon, (d) Orange indicates patellar tendon, Hoffa fat pad labeled 



Fig. 6.4 (a) Example of axial probe position over patellar tendon with 
in-plane injection technique, (b) Arrowhead indicates needle tip, aster- 
isk indicates patellar tendon, (c) Example of sagittal probe position with 
gel standoff over patellar tendon with in-plane injection approach .(d) 
Example of sagittal in-plane needling of a calcium deposition within 


patella tendon, white arrowhead indicates needle tip, white arrow indi- 
cates needle, bracket indicates reverberation, black arrow indicates cal- 
cium deposition, black arrowheads indicates patellar tendon, asterisk 
indicates acoustic shadowing 
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Table 6.4 Accuracy of ultrasound guided versus blind pes anserine 
bursa injections 

Study: pes anserine bursitis Author Accuracy 

Ultrasound-guided vs. blind Finnoff et al. [19] 100 % vs. 50 % 




Fig. 6.5 (a) Sagittal view of the pes anserine bursa, (b) Green indicates 
medial collateral ligament, purple circles indicate pes anserine tendons, 
tibia labeled 


Fig. 6.6 (a) Example of sagittal transducer position with gel standoff 
over pes anserine bursa with in-plane needle approach, (b) Arrowhead 
indicates needle tip, arrow indicates needle, tibia labeled 


conjoined tendon insertion of the sartorius, gracilis, and 
semitendinosus. Treatment typically consists of rest, nonste- 
roidal anti-inflammatory medications, physical therapy, and 
corticosteroid injections. The literature describes varying 
benefit from injections; however, prior injections were per- 
formed with an anatomical (blind) method. Finnoff et al. 
injected the pes anserine bursae under ultrasound guidance 
with an accuracy of 100 % compared to 50 % unguided [19]. 
It is not clear how well this translates to clinical improve- 
ment, however (Table 6.4). 

Scanning Technique and Anatomy to Identify 

Place the probe in a transverse oblique orientation over the 
posterior medial knee. The semitendinosus, gracilis, and sar- 
torius muscles can be seen in cross section and traced dis- 
tally towards their insertion. From deep to superficial, 
identify the hyperechoic proximal tibia, fibers of the medial 
collateral ligament (MCL) oriented obliquely, pes anserine 
bursa, and three ovoid tendons superficially. This bursa 
is rarely seen, even when the patient is symptomatic, 


suggesting that “pes anserine bursitis” may more likely be a 
distal tendinopathy, medial geniculate neuritis, or tibial 
stress reaction (Fig. 6.5). 

Injection Technique: In-Plane Sagittal 
Approach 

Patient positioning: Place the patient supine, knee extended 
and leg externally rotated with a towel underneath the knee 
to allow slight flexion. 

Probe positioning: Place the transducer short axis (trans- 
verse) on the posteromedial aspect of the distal thigh. Move 
the transducer distally along the semitendinosus tendon, 
which helps with visualizing the gracilis and sartorius ten- 
dons. Identify the tendons as the transducer is moved distally 
and anteromedially. Rotate the transducer longitudinally 
relative to the fibers of the MCL, sagittal over the anterome- 
dial tibia (Fig. 6.6a). 

Markings: To identify the central area of the pes anserine 
bursa, mark the skin over the middle of pes anserinus, where 
it crosses the anterior margin of the MCL. 
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Needle position: Insert the needle in-plane on the proxi- 
mal or distal side of the transducer, targeting the bursa 
between the MCL and the pes anserinus. 

Safety considerations: This is a superficial injection 
which increases the risk of steroid depigmentation and fat 
atrophy at the site of injection. Avoid injecting steroids 
directly into the MCL [15]. 

Pearls: 

• The pes anserine bursa is typically located 2.5-3 cm distal 
to the medial joint line [4]. 

• The bursae lay between the pes anserine tendons and the 
MCL. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25G 1.5" needle 

• 1 mL of steroid preparation 

• 2 mL local anesthetic 


Tibiofibular Joint 

The proximal tibiofibular joint (PTFJ) is an arthrodial sliding 
joint with great morphological variability. The PTFJ has 
been categorized into two main types by anatomic orienta- 
tion: horizontal, with increased joint surface area and rotary 
mobility, and oblique, with less joint surface area and mobil- 
ity. The joint supports 1/6 of the axial load of the leg. It is 
often overlooked as a potential cause of lateral knee pain, 
frequently mistaken for a lateral collateral ligament injury 
[20, 21]. Symptoms are nonspecific; patients may complain 
of joint instability or anterolateral knee and lateral calf pain 
that can be referred proximally or distally. Exacerbating 


Table 6.5 Accuracy of sonographically and palpation-guided PTFJ 
injections 


Technique 

Accurate (%) 

Accurate with 
overflow (%) 

Inaccurate (%) 

Sonographically 

guided 

67 

33 

0 

Palpation guided 

17 

42 

42 


factors may include stair climbing, hamstring pain or tight- 
ness, and knee and ankle movements [22]. Physical exami- 
nation including manual pressure or grading laxity of the 
PTFJ did not correlate with the degree of arthritis seen in one 
study [23, 24] .Therefore, an injection may provide both 
diagnostic and therapeutic benefits (Table 6.5). 

Scanning Technique and Anatomy to Identify 

Place the patient in an oblique side-lying position with the 
lateral aspect of the affected knee towards the ceiling [25]. 
Slight flexion of the knee to 20-30° will widen the joint 
space. Palpate the PTFJ and place the transducer in a trans- 
verse-oblique view. Rotate the transducer for the best view 
of the PTFJ [26]. From deep to superficial, identify the joint 
space between the hyperechoic bony tibia and fibula, the 
anterior superior proximal tibiofibular ligament connecting 
the two bones, and superficial subcutaneous tissue (Fig. 6.7). 

Injection Technique: Out-of-Plane Transverse 
Oblique Approach 

Patient positioning: Place the patient in an oblique side-lying 
position, knee slightly flexed with a rolled towel underneath 
for comfort. 

Probe positioning: Place the transducer in a transverse- 
oblique orientation with the lateral end of the transducer over 
the fibular head. The medial end of the transducer should be 
oriented towards the inferior patellar pole, over the tibia. 
With the lateral end of the transducer anchored on the fibular 
head, rotate the medial end to optimize visualization of the 
joint space (Fig. 6.8a). 

Markings: Identify the anterior superior proximal tibio- 
fibular ligament connecting the fibula and tibia. This liga- 
ment sits superficial to the joint space. 

Needle position: Insert the needle out-of-plane perpen- 
dicular to the long axis of the transducer, targeting the joint 
space between the fibula and tibia. 



Fig. 6.7 (a) Transverse-oblique view over the PTFJ. (b) Asterisk indicates joint space, arrowhead indicates tibiofibular ligament, fibula and tibia 
labeled 
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Fig. 6.8 (a) Example of transverse-oblique probe position over PTFJ 
with out-of-plane needle position, (b) Arrowhead indicates needle tip 
within joint space, tibia and fibula labeled 

Safety considerations: Be careful when touching or walk- 
ing off the painful bony surfaces. 

Pearls: 

• Rotate the transducer over the joint space to find the wid- 
est area. 

• Once the needle is inserted, rotating the bevel may help to 
visualize the bright hyperechoic white dot representing 
the needle tip. 

Equipment needed: 

• High-frequency linear array transducer (8 MHz+) 

• 25 gauge, 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL of local anesthetic 


Popliteus 

The evaluation and treatment of lateral knee pain can be 
challenging, particularly in the absence of major trauma. The 
popliteus muscle-tendon unit (PMTU) arises primarily from 
the lateral femoral condyle and proximal fibula and inserts in 
a triangular fashion onto the posteromedial surface of the 
proximal tibia. The PMTU serves to maintain dorsolateral 
knee stability and aids in controlling tibial rotation [27]. 


Table 6.6 Accuracy of sonographically guided popliteus tendon 
sheath injections [29] 


Technique 

Accurate (%) 

Accurate with 
overflow (%) 

Inaccurate (%) 

Longitudinal 

approach 

33 

67 

0 

Transverse 

approach 

25 

58 

17 


PMTU injuries are uncommon and may arise from an osteo- 
phyte causing impingement and a snapping sensation, rota- 
tional injuries to the distal femur/proximal tibia, tendinosis, 
or chronic overuse especially in runners [28]. Ultrasound- 
guided popliteal tendon sheath injections can play a substan- 
tial role in providing both diagnostic and therapeutic 
information for pain arising from the PMTU, as there are no 
clinical exam maneuvers with a high degree of sensitivity or 
specificity to isolate PMTU pain (Table 6.6). 

Scanning Technique and Anatomy 
to Identify 

Place the patient in an oblique side-lying position, with the 
affected PMTU facing the ceiling. The knee should be posi- 
tioned with slight flexion, with a rolled towel underneath for 
comfort. Place the probe in an oblique plane over the lateral 
knee from the lateral femoral condyle to the fibular head. 
Identify the lateral collateral ligament connecting the lateral 
femoral condyle to the fibular head. It lays superficial to the 
popliteus tendon, which is visualized short axis in the popli- 
teal groove. The popliteofibular ligament can be seen attach- 
ing to the fibular head [30]. Rotate the probe 90° and view 
the popliteus tendon longitudinally (Fig. 6.9). 

Injection Technique: In-Plane Short-Axis 
(Coronal) Approach 

Patient positioning: Place the patient in a lateral decubitus 
position, knee flexed 20-30°, with the leg slightly internally 
rotated. 

Probe positioning: Palpate the lateral femoral epicondyle, 
and place the probe with the cephalad end there and the cau- 
dal end over the fibula. The PMTU is seen transversely 
within the groove; it is highly subject to anisotropy 
(Fig. 6.10a). 

Markings: Identify and avoid injection into the lateral col- 
lateral ligament, ITB, or joint space. 

Needle position: Insert the needle in-plane from superior 
to inferior aiming at the superior margin of the PMTU (ten- 
don sheath). 
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Fig. 6.9 (a) Oblique cross-section view of the PMTU. (b) Orange indicates popliteus tendon within popliteal groove, femur labeled, (c) 
Longitudinal view of popliteus tendon, (d) Orange indicates longitudinal view of popliteus tendon, femur labeled 

Safety considerations: Avoid directly injecting the ten- 
don, as this may increase susceptibility to tendon rupture 
[15, 16]. If corticosteroids are used, there is a risk of local fat 
atrophy and depigmentation at the site of injection. 

Pearls: 

• Identify the lateral collateral ligament when planning the 
needle trajectory to help avoid injection into that 
ligament. 

• Stay as anterior as possible to help avoid the more poste- 
rior common fibular nerve. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL of local anesthetic 


Iliotibial Band Syndrome (ITBS) 

Iliotibial band (ITB) friction syndrome is a common cause 
of lateral knee pain. It occurs most commonly in runners 
and cyclists and was first reported to occur in military 
recruits [31]. The ITB is formed proximally by the 

m 

Fig. 6.1 0 (a) Example of coronal probe position relative to the PMTU 
with in-plane injection technique, (b) Arrowhead indicates needle tip, 
arrow points to needle. Bracket indicates needle reverberations, poplit- 
eus and femur labeled 




6 Knee 


65 


Table 6.7 Normative values for ITB thickness 

Study 

Imaging modality 

Patients 

ITB thickness (mm) 

Anatomical level 

Goh et al. [32] 

Ultrasound 

Healthy controls 

1.9±0.3 

Lateral femoral epicondyle 

Wang et al. [33] 

Ultrasound 

Healthy controls 

1.9±0.2 

Lateral femoral epicondyle 

Gyaran et al. [34] 

Ultrasound 

Healthy controls 

1.1 ±0.2 

Level of knee joint 

Ekman et al. [35] 

MRI 

Patients with ITBS 

5.4±2.1 

Lateral femoral epicondyle 



Fig. 6.1 1 (a) Coronal view of the iliotibial band, (b) Orange indicates iliotibial band, arrow indicates fat pad, lateral femoral condyle labeled 


convergence of the tensor fascia latae, gluteus maximus, and 
gluteus medius at the level of the trochanteric bursa. The 
ITB then travels distally along the lateral femur and inserts 
distally by forming an inverted U with two main insertions, 
the lateral epicondyle and Gerdy’s tubercle. ITBS is thought 
to be caused by repetitive friction and abrasion of the ilio- 
tibial tract across the lateral femoral epicondyle or from 
chronic inflammation of the iliotibial band bursa. Training 
factors, including sudden increases in mileage, frequency, 
or intensity, have also been suggested to play a role in the 
development of this condition. Patients commonly present 
with pain and tenderness over the lateral femoral epicondyle 
approximately 3 cm above the lateral joint line [26]. 
Evaluation for ITBS is typically performed with Ober’s test 
or direct palpation to evaluate for tightness and pain. 
Ultrasound and MRI have provided some normative values 
for ITB thickness in healthy and affected patients. 
Corticosteroid injections have shown to provide pain relief 
versus a lidocaine alone (Table 6.7) [27]. 

Scanning Technique and Anatomy to Identify 

Lay the patient on their side or supine with affected leg 
internally rotated. Visualize the ITB by scanning in the 
coronal plane from above the lateral femoral epicondyle 
and then inferiorly across the lateral knee joint to its inser- 
tion onto Gerdy’s tubercle, a bony prominence at the ante- 
rior lateral condyle of the tibia, lateral to the distal margin 
of patellar tendon. Try to identify an ITB bursa between 
the ITB and lateral femoral condyle. Gyaran et al. found 
the sonographic mean ITB thickness at the level of the 
lateral femoral condyle to be 1.1 ±0.2 mm in healthy 


subjects, regardless of age, weight, height, or gender 
(Fig. 6.11) [34]. 

Injection Technique: In-Plane Coronal Approach 

Patient positioning: Lay the patient on their side, knee flexed 30°. 

Probe positioning: Place the transducer on the lateral 
aspect of the knee in a coronal plane. Look for hypoechoic 
bursal fluid between the hyperechoic femur and overlying 
dense fibrillar ITB (Fig. 6.12a). 

Markings: Identify the lateral femoral epicondyle and 
Gerdy’s tubercle. Measure the thickness of the ITB at the 
level of the lateral knee. 

Needle position: Insert the needle in-plane from either 
proximal to distal or distal to proximal, targeting the inflamed 
bursa or thickened ITB. 

Safety considerations: Due to the superficial nature of the 
ITB, there is a risk of local fat atrophy and depigmentation 
with corticosteroid injection or superficial hematoma with 
tenotomy or platelet-rich plasma. Care should be taken to 
avoid directly injecting the tendon, as this may increase sus- 
ceptibility to tendon rupture [11]. 

Pearls: 

• Ultrasound measurements of the ITB may help to monitor 
asymmetric thickening. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+). 

• 25 gauge, 1.5" needle. 

• 0.5 mL of steroid preparation or 2-4 mL of PRP or autol- 
ogous whole blood. 

• 1-3 mL of local anesthetic. 

• For PNT, use a larger (20-22 gauge) needle. 
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Lateral 

Femoral 

Condyle 



Fig. 6.12 (a) Example of coronal probe position over ITB with in- 
plane needle position, (b) Arrowhead indicates needle tip just deep to 
iliotibial band, arrow indicates needle, iliotibial band and lateral femo- 
ral condyle labeled 


Baker's Cyst 

Baker’s cysts are popliteal cysts bordered by the semimem- 
branosus and medial gastrocnemius. They are formed by the 
posterior extension of the semimembranosus-gastrocne- 
mius bursa and communicate with the subgastrocnemius 
bursa [36]. Primary Baker’s cysts do not communicate with 
the knee joint and are more common in children. The vast 
majority of Baker’s cysts are secondary cysts (due to osteo- 
arthritis, meniscal tears, trauma) that communicate with the 
knee joint proper [37]. Patients typically complain of poste- 
rior knee pain, stiffness, and swelling. Ruptured cysts can 
cause significant pain and calf swelling, easily mistakable 
for deep vein thrombosis (DVT). Ultrasound provides a fast, 
accurate, and cost-effective imaging tool to differentiate 
Baker’s cysts [38]. Ultrasound guidance is important 
because of the neurovascular structures in the area, and the 
often complex nature of the cysts, to ensure maximal vol- 
ume is aspirated. 


Scanning Technique and Anatomy to Identify 

Lay the patient prone with knee extended. Place the probe 
axially (transverse) over the upper third of the calf. Move 
medially and laterally to visualize the medial and lateral gas- 
trocnemius. Scan to the medial border of the medial gastroc- 
nemius, visualizing the semimembranosus tendon medial to 
the gastrocnemius tendon, and then scan superiorly to the 
knee joint. The cyst should appear crescent- shaped and 
hypoechoic or anechoic with well-defined borders. Chronic 
cysts may have a heterogeneous appearance. The base or stalk 
of the cyst may be visualized between and deep to the medial 
gastrocnemius and semimembranosus. Turn the probe 90° to 
evaluate the cyst longitudinally for size and shape and to 
assess for rupture. A sharp, pointed end can signify a ruptured 
Baker’s cyst, which typically occurs inferiorly. Scanning the 
posterior knee laterally in the axial plane will reveal the pop- 
liteal artery, vein, and tibial nerve (Fig. 6.13). 


Injection Technique: In-Plane Sagittal Approach 

Patient positioning: Lay the patient prone with legs extended. 

Probe positioning: Place the transducer transversely (short 
axis) at the upper third of the calf. Move the probe to the 
medial border of the medial gastrocnemius, then superiorly to 
the knee joint. Identify the semimembranosus and medial gas- 
trocnemius tendon. A Baker’s cyst appears typically as a cir- 
cumferential, thin-walled, anechoic structure in this location. 
Rotate the transducer into the longitudinal (long axis) position 
to assess its extent superiorly and inferiorly. Place the probe 
longitudinally over the center of the cyst (Fig. 6.14a). 

Markings: Scan laterally and mark the popliteal artery, 
vein, and tibial nerve. 

Needle position: Insert the needle in-plane from distal to 
proximal. 

Safety considerations: Avoid placing the needle in the 
middle and lateral popliteal fossa. Doppler should be used to 
avoid the popliteal artery and vein. 

Pearls: 

• Toggle the probe to avoid anisotropy. The medial 
gastrocnemius and semimembranosus tendons are not 
truly parallel to one another; therefore, the normally 
hyperechoic tendons may appear hypoechoic. 

• Sharp tapering of one end of the cyst usually represents a 
rupture [14]. 

• Doppler can confirm the absence of vascular flow to exclude 
a popliteal artery aneurysm or venous ectasia [39]. 
Equipment needed: 

• High-frequency linear array transducer (8 MHz+) 

• 16-20G spinal needle 

• 1 mL of corticosteroid preparation 

• 3-5 mL local anesthetic 
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Fig. 6.1 3 (a) Axial view of Baker’s cyst, (b) Black arrowheads outline stalk or communication with joint, asterisk indicates Baker’s cyst, Medial 
Gastrocnemius labeled 



Fig. 6.14 (a) Example of sagittal probe position over posterior knee 
with in-plane injection technique, (b) Arrow indicates needle, arrow- 
head indicates needle tip within Baker’s cyst 
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The foot and ankle function together in an extremely complex 
network of structures, each of which can be affected by injury. 
Multiplanar movement is achieved by interactions between 
the ankle, hindfoot, midfoot, and forefoot. Stability is pro- 
vided primarily by the medial (deltoid) and lateral ligaments. 
The mobility and repetitive stress on the foot and ankle make 
them susceptible to injury. The bones and their cartilaginous 
articulations are subject to degeneration, fracture, and inflam- 
mation. The muscles, tendons, and ligaments can suffer from 
acute or chronic tearing or overuse. Peripheral neuropathy 
and vascular disease can lead to injury and impair healing. 

The clinical utility and superiority of ultrasound guidance 
for technical accuracy when performing injections in the foot 
and ankle has been well reported and will be cited through- 
out the chapter. Given the high density of structures in this 
region, accuracy is key in ensuring diagnostic and therapeu- 
tic efficacy. More importantly, the ability to visualize the 
neurovascular structures and bony landmarks allows for 
increased patient safety and comfort. 


Tibiotalar ("Ankle") Joint 

The tibiotalar joint is a diarthrodial joint comprised of the 
talus inferiorly, the distal tibia superiorly and medially, and 
the distal fibula laterally. The medial and lateral malleoli 
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articulate with the chondral surface of the talus on their 
respective sides. A capsular joint ligament surrounds the 
ankle and is strengthened by the medial and lateral ligament 
complexes. Although sprains and other soft tissue injuries to 
the surrounding structures of the joint are common, arthritis 
is the primary source of intra- articular pain. An anterior 
approach with the ankle in plantar flexion is preferred due to 
optimal visualization of effusions and needle access for aspi- 
ration and injection [1-3]. Ultrasound can detect as little as 
2 mL of fluid in the tibiotalar joint; up to 3 mL can be con- 
sidered normal (Table 7.1) [6, 7]. 

Scanning Techniques and Anatomy to Identify 

Scan the anterior aspect of the joint in the sagittal plane to 
visualize the anterior recess. Identify the distal tibia, the talar 
head, and the talar dome in between them with its thin 
anechoic cartilage. The joint capsule extends as a hyper- 
echoic line between the distal tibia and the talar head. 
Immediately deep to the capsule is the intra-articular fat pad, 
which is triangular shaped, like a wide arrowhead pointing 
posteroinferiorly into the joint space. Sweep medially and 
laterally to visualize the surface of the talar dome, exploring 
for effusion or osteochondral defects. Rotate the transducer 
90° to the axial plane. Position it slightly inferior to the distal 
tibia, and identify the tendons of the tibialis anterior, exten- 
sor hallucis longus, and extensor digitorum longus muscles. 
Identify and avoid the anterior tibial artery and deep fibular 
nerve (Fig. 7.1). 


Table 7.1 Accuracy of tibiotalar joint injections 


Study - tibiotalar joint injection 

Author 

Accuracy (%) 

Palpation 

Wisniewski et al. [4] 

88 

Ultrasound guided 

Kirk et al. [5] 

100 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-l-4614-8936-8_7, © Springer Science+Business Media, LLC 2014 
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Fig. 7.1 (a) Sagittal view of tibiotalar joint, (b) Orange indicates tibi- 
alis anterior tendon. Arrowhead indicates hyaline cartilage. Arrows 
indicate fluid within tibialis anterior tendon sheath. Asterisk indicates 
joint space. F fat pad. Tibia and talus labeled, (c) Axial view of tibiota- 


Injection Technique: In-Plane Sagittal Anterior 
Approach [2, 8] 

Patient positioning: Lay the patient supine, knee flexed with 
foot flat. Alternatively, the ankle can rest off the end of the 
table with the foot passively plantar flexed. 

Probe positioning: Position the transducer so that the cen- 
ter of the screen is in between the extensor hallucis longus 
and tibialis anterior, and then rotate back to the sagittal plane 
for the injection (Fig. 7.2a). 

Markings: Identify the dorsalis pedis artery, deep fibular 
nerve, tibialis anterior tendon, and extensor hallucis longus 
tendon. 

Needle position: Enter in-plane and maintain a rela- 
tively steep angle to avoid scraping the talar dome, which 
can sometimes appear contiguous with an overlying 
effusion. 

Safety considerations: Avoid the dorsalis pedis artery, 
deep fibular nerve, tibialis anterior tendon, and extensor hal- 
lucis longus tendon. 

Pearls: 

• There should be minimal resistance during injection. 


lar joint, (d) Orange indicates tibialis anterior muscle. Purple indicates 
extensor hallucis longus muscle. Yellow indicates deep peroneal nerve. 
Arrow with stop indicates the anterior tibial artery. Magenta indicates 
extensor digitorum longus muscle 

• Superior migration of the overlying fat pad further con- 
firms intra-articular spread of injectate. 

• If visualization is poor, gel standoff can be used. 
Equipment needed: 

• Medium- frequency linear array transducer (8-12 MHz) 

• 22-25G 1.5" needle 

• 0.5-1 .0 mL of steroid preparation 

• 1-3 mL local anesthetic 


Subtalar Joint (Talocalcaneal Articulation) 

The subtalar joint is comprised of three articulations between 
the talus and the calcaneus. The anterior facet is located 
above the anteromedial corner of the calcaneus, the middle 
facet is located medially, and the posterior facet is located 
posteriorly. The anterior and middle facets are contiguous 
and together comprise the anterior subtalar articulation 
[9, 10]. The current literature only focuses on the posterior 
articulation, perhaps because it is the largest of the three and 
presumably bears the majority of the weight across the joint. 
In one study blind injection using an anterolateral approach 
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resulted in a 27 % rate of extravasation into the surrounding 
structures in an unpredictable distribution [9]. The postero- 
lateral approach was found to be superior (91 .2 % vs. 67.6 %) 
[10]. A study comparing ultrasound-guided anterolateral, 
posterolateral, and posteromedial approaches resulted in 
100 % accuracy for all three methods, with rates of extrav- 
asation 25, 25, and 8.3 %, respectively [11]. Furthermore, 
using dynamic ultrasound may allow a smoother needle tra- 
jectory, minimizing contact with surrounding structures [12]. 



Fig. 7.2 (a) Example of sagittal probe position over anterior tibiotalar 
joint with in-plane needle position, (b) Sagittal view tibiotalar joint. 
Arrow indicates needle trajectory. Asterisk indicates effusion. Tibia and 
talus labeled 


Scanning Techniques and Anatomy to Identify 

The posteromedial approach has been shown to have the 
best accuracy (reference above). Position the patient side 
lying with the medial aspect of the affected joint upwards 
and a rolled towel beneath the lateral malleolus to place 
the ankle in subtalar eversion. Place the transducer in the 
coronal plane with the proximal end on the medial malleo- 
lus and the distal end over the sustentaculum tali of the 
calcaneus. Identify the middle subtalar facet, which 
appears as an anechoic space between the sustentaculum 
tali and the talus. Sweep the transducer posteriorly to 
locate the anechoic medial aspect of the posterior subtalar 
joint line (Fig. 7.3). 

Injection Technique: Out-of-Plane Coronal 
Posteromedial Approach 

Patient positioning: Lay the patient on their side with the 
medial aspect of the affected ankle facing upwards. A rolled- 
up towel can be placed below the lateral malleolus to pro- 
mote subtalar eversion. 

Probe positioning: Place the probe in the coronal plane 
just posterior to the sustentaculum tali and medial malleolus 
(Fig. 7.4a). 

Markings: Identify and avoid the tarsal tunnel. 

Needle position: Insert the needle out-of-plane, anterior 
to the transducer, and angle it posteriorly and laterally. 

Safety considerations: Avoid the tibialis posterior, flexor 
digitorum, and flexor hallucis longus tendons and the plantar 
nerves and arteries. 

Pearls: 

• Subtalar alignment can vary based on the type of 
pathology 

• Gel standoff can be used to optimize trajectory 
Equipment needed: 

• High-frequency linear array transducer 



Fig. 7.3 (a) Coronal view of posterior subtalar joint, (b) Green deltoid ligament. Asterisk indicates subtalar joint. Talus and calcaneus labeled 
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Fig. 7.4 (a) Example of coronal probe position over posteromedial 
subtalar joint with out-of-plane needle position, (b) Coronal view over 
subtalar joint. Arrowhead indicates needle tip. Talus and calcaneus 
labeled 


• 22-25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Medial (Deltoid) Ligament 

Ankle sprains have been found to account for 15^40 % of all 
athletic injuries [13-15]. The medial ligament is composed of 
the posterior tibiotalar, tibiocalcaneal, tibionavicular, and ante- 
rior talotibial ligaments. The complex is stronger, more stable, 
and less commonly injured than the lateral ligaments. It is a 
major contributor to ankle stability during weight bearing and is 
the primary limiter of lateral talar shift and talar external rota- 
tion. External rotation fractures at the lateral malleolus are asso- 
ciated with medial ligament injuries. Local swelling, tenderness, 
and ecchymosis have been shown to be unreliable in establish- 
ing a diagnosis. MRI is useful for visualization of ligament 
irregularity but is unable to demonstrate instability. A 2004 
study found the most commonly used radiographic finding for 
deltoid ligament rupture and medial ankle instability (the medial 
clear space) to be unreliable [16]. In a prospective study of 12 
patients with supination external rotation injuries, ultrasound 
accurately diagnosed acute deltoid ligament rupture with a sen- 


sitivity and specificity of 100 % [8]. No current evidence sup- 
ports the use of local injections for medial ligament injuries. 
However, emerging studies seem promising for the eventual 
development of an appropriate injectate. 


Scanning Techniques and Anatomy to Identify 

Position the patient in side-lying position with the medial 
aspect of the affected joint facing upwards. Use a rolled-up 
towel below the lateral malleolus to place the ankle in subta- 
lar eversion. Maintain the proximal end of the transducer 
over the medial malleolus and rotate the distal end to the 
neck of the talus for the anterior tibiotalar ligament, the 
navicular bone for the tibionavicular ligament, the susten- 
taculum tali for the tibiocalcaneal ligament, and the posterior 
process of the talus for the posterior tibiotalar ligament, 
which sits deep to the tibialis posterior tendon (Fig. 7.5). 


Injection Technique: In-Plane Coronal 
Approach 

Patient positioning: Lay the patient on their side with the 
medial aspect of the affected ankle facing upwards. A rolled- 
up towel can be placed below the lateral malleolus to pro- 
mote subtalar eversion. 

Probe positioning: Maintain the proximal end of the probe 
over the medial malleolus while rotating the distal end to the 
talar neck for the anterior tibiotalar ligament, the navicular 
bone for the tibionavicular ligament, the sustentaculum tali 
for the tibiocalcaneal ligament, and the posterior process of 
the talus for the posterior tibiotalar ligament, which sits deep 
to the tibialis posterior tendon (Fig. 7.6a). 

Markings: Identify the tarsal tunnel and avoid inadvertent 
puncture. 

Needle position: Enter with a superficial trajectory, in- 
plane with the probe. 

Safety considerations: Avoid the posterior tibialis, flexor 
digitorum, and flexor hallucis longus tendons, and the plan- 
tar nerves and arteries. 

Pearls: 

• Manipulate the ankle to provide slack vs. tension to the 
structures of interest while scanning. 

• Placing tension on the ligament may help the “feel” of the 
needle tip piercing its surface. 

• Placing slack on the ligament may cause it to appear 
thicker, resulting in better visualization. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of injectate 

• 1-3 mL local anesthetic 
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Fig. 7.5 (a) Coronal view of anterior tibiotalar ligament, (b) Green indicates tibiotalar component of deltoid ligament. Medial malleolus and talus 
labeled 



Medial Talus 

Malleolus 


Fig. 7.6 (a) Example of coronal probe position with gel standoff over 
anterior tibiotalar ligament with in-plane needle position, (b) Coronal 
view of anterior tibiotalar ligament. Arrow indicates needle trajectory. 
Medial malleolus and talus labeled 


Lateral Ligament Complex 

The lateral ligament complex consists of the anterior talofibu- 
lar ligament (ATFL), the calcaneofibular ligament (CFL), and 
the posterior talofibular ligament (PTFL) [17, 18]. In one 


study, point tenderness over the ATFL and CFL correlated 
with ligament rupture 52 and 72 % of the time, respectively. 
71 % of patients with a positive anterior drawer sign, 68 % of 
patients with a positive talar tilt, 70 % of patients with >4 cm 
of swelling under the lateral malleolus, and 91 % of patients 
with such swelling in combination with point tenderness were 
shown to have lateral ligamentous injury [19]. Ultrasound has 
been shown to have the diagnostic accuracy of 95 % for ATFL 
tears and 90 % for CFL tears (Table 7.2) [17, 18]. 

Scanning Techniques and Anatomy to Identify 

Position the patient on their side with the lateral aspect of the 
affected ankle facing upwards. Use a rolled-up towel under the 
medial malleolus to place the ankle in subtalar inversion. For 
the ATFL, passively plantar flex the ankle and place the proxi- 
mal edge of the transducer over the anterior aspect of the lateral 
malleolus, with the distal edge over the talus, reaching horizon- 
tally towards the midfoot. Visualize the lateral malleolus, the 
talus, and the ligament between them. For the CFL place the 
ankle in neutral and position the proximal edge of the trans- 
ducer over the lateral malleolus. Aim the distal edge inferiorly 
and slightly posteriorly. Dorsiflexing the ankle may help visual- 
ize the ligament by placing it in tension. Immediately superfi- 
cial to the CFL at the level of the superior edge of the calcaneus, 
the fibular tendons appear in cross section. The sural nerve runs 
inferior to these tendons, at a similar depth (Fig. 7.7) [21]. 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Lay the patient on their side with the lat- 
eral aspect of the affected ankle facing upwards. A rolled-up 
towel can be placed under the medial malleolus to promote 
subtalar inversion. Place the ankle in plantar flexion for 
ATFL and dorsiflexion for CFL. 
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Table 7.2 

Anatomy of lateral ligament complex 



Ligament [12, 20] ATFL 

CFL 

PTFL 

Origin 

1 cm proximal to the distal tip of the 
fibula 

Distal tip of the fibula 

10 mm proximal to the distal tip of the 
fibula 

Insertion 

lateral talar neck 

Calcaneus 

Posterior talus 

Size 

6-10 mm wide x 10 mm long x 2 mm 
thick 

Cylindrical in shape, 20-25 mm 
length x 6-8 mm diameter 


Notes 

Weakest, most commonly injured 

Attachment point of the peroneal 
tendon sheath 

Strongest, least commonly injured 



Fig. 7.7 (a) Axial view of the ATFL. (b) Green indicates the ATFL. Asterisk indicates joint space. Fibula and talus labeled, (c) Coronal oblique 
view of the CFL. (d) Green indicates the calcaneofibular ligament. Fibula and calcaneus labeled 


Probe positioning: Maintain the proximal edge over 
lateral malleolus. Place the distal edge over the talus 
in the axial plane for the ATFL (Fig. 7.8a). Place the 
distal edge over the calcaneus in the coronal plane for the 
CFL. 

Markings: Identify and avoid the sural nerve. 

Needle position: Enter the skin with a superficial trajec- 
tory, in-plane with the probe. 

Safety considerations: Avoid the sural nerve, peroneal 
tendons, and lesser saphenous vein. 

Pearls: 

• Manipulate the ankle to provide slack vs. tension to the 
structures of interest while scanning. 


• Placing tension on the ligament may help the “feel” of the 
needle tip piercing its surface. 

• Placing slack on the ligament may cause it to appear 
thicker, resulting in better visualization. 

• The ATFL is contiguous with the ankle joint capsule and 
can appear as a discrete capsular thickening. 

• The CFL is the only extra- articular ligament within the 
lateral complex. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 
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Fig. 7.8 (a) Example of axial probe position over ATFL with in-plane 
needle approach, (b) Axial view of ATFL with arrow indicating needle 
trajectory. Fibula and talus labeled 


Retrocalcaneal Bursa 

The retrocalcaneal bursa is located immediately superior and 
deep to the distal insertion of the Achilles tendon on the pos- 
terior calcaneus. Ultrasound has been shown to accurately 
visualize the bursa and guide targeted intervention [20]. One 
study suggests that merely visualizing the bursa on ultra- 
sound suggests pathology [22]. An anterior to posterior 
diameter greater than 2.5 mm is generally considered abnor- 
mal [15]. The Achilles (retro- Achilles/subcutaneous calca- 
neal) bursa is larger and located superficial to the Achilles 
tendon at the same level. Any evidence of fluid here on ultra- 
sound is pathologic. 

Scanning Techniques and Anatomy to Identify 

Position the patient prone with the ankle and foot hanging 
off the table edge. Place the transducer in the longitudinal 
plane directly over the Achilles tendon. Visualize the 
Achilles tendon, its calcaneal insertion, and Kager’s fat pad, 



Fig. 7.9 (a) Sagittal view of Achilles tendon and retrocalcaneal bursa, 
(b) Orange indicates Achilles tendon. Arrow indicates retrocalcaneal 
bursitis. Kager’s fat pad and calcaneus labeled 

which is deep to the tendon immediately proximal to its 
insertion. The retrocalcaneal bursa sits in between these 
three structures and is not always visible. Rotate the trans- 
ducer 90° into the axial plane and identify the aforemen- 
tioned structures [23]. The fat pad should not be visible 
since it is directly superior to this viewing level, above the 
bursa. Moving the transducer superiorly and inferiorly will 
bring the fat pad and calcaneus into view, respectively 
(Fig. 7.9). 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient prone with the foot hang- 
ing off the table edge. 

Probe positioning: Place the probe in the sagittal plane 
directly midline over the Achilles tendon at its calcaneal 
attachment. Center the bursa on the screen in the sagittal 
plane, then rotate into the axial plane. Use Doppler to identify 
any surrounding blood vessels and use a medial or lateral 
approach accordingly (Fig. 7.10a). 

Markings: 

Needle position: Enter the skin in-plane with the 
transducer from the medial or lateral side. 
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Fig. 7.10 (a) Example of axial probe position over retrocalcaneal bursa 
with in-plane needle position, (b) Arrow indicates needle trajectory into 
retrocalcaneal bursitis. Cross section of Achilles labeled. Calcaneus labeled 

Safety considerations: Avoid the sural nerve and any 
obvious vessels with the lateral approach. 

Pearls: 

• Doppler can also be used to confirm hyperemia within the 
bursa. 

Equipment needed: 

• High-frequency linear array transducer 

• 25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Table 7.3 Accuracy of achilles tendon injections 


Study - Achilles tendon injection 

Author 

Accuracy (%) 

Ultrasound guided (unblinded) 

Reach et al. [2] 

100 



Achilles Tendon/Paratenon 


Ultrasound is useful in identifying small tears, partial 
ruptures, retrocalcaneal bursitis, and chronic tendinosis 
[24-26]. Corticosteroid injection is generally not recom- 
mended due to the risk of rupture; however, in the set- 
ting of acute and/or chronic inflammation, corticosteroid 
injection to the surrounding paratenon sheath can alleviate 
symptoms. If symptoms become chronic, dry needling and 
injection of reparative substances are potential interven- 
tions (Table 7.3) [27]. 

Scanning Techniques and Anatomy to Identify 

Position the patient prone with the foot hanging off the end 
of the examination table. A pillow under the distal tibia can 
be used for comfort. Scan both views of the tendon from 
the myotendinous junction to the calcaneus. In the trans- 
verse plane, scan on both sides of the tendon to visualize 
the paratenon envelope or peritendinous sheath [1, 8]. 
Passive plantar/dorsiflexion may improve visualization of 
the tendon [28]. Look for the retro-Achilles and retrocalca- 
neal bursae. Power Doppler settings may be utilized to 
visualize neovascularization and inflammation [1]. 
Tendinosis appears as areas of hypoechogenicity with 
intact fibrillar structure. Thickening of the tendon or a rela- 
tively diffuse convex shape at the attachment of the tendon 
is abnormal [29, 30]. Generally, the injection approach is 
medial to avoid injuring the sural nerve [31-33]. 
Alternatively, inject the paratenon at the midportion level 
(2-6 cm proximal to the Achilles tendon insertion into the 
calcaneus) (Pig. 7.11) [34]. 

Injection Technique: In-Plane Sagittal 
Approach 

Patient positioning: Lay the patient prone with foot resting 
off the end of the table. 

Probe positioning: Place the probe in the sagittal plane for 
initial visualization and scan proximally and distally, looking 
for focal thickening and/or fluid (Pig. 7.12a). The probe can 
also be rotated 90° to the axial plane for an in-plane axial 
approach. 

Markings: 

Needle position: Enter in-plane, from proximal to distal 
or distal to proximal, and maintain a shallow trajectory. 
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Fig. 7.1 1 (a) Sagittal view of Achilles tendon, (b) Orange indicates Achilles tendon, Kager’s fat pad and calcaneus labeled, (c) Axial view of 
Achilles tendinosis, (d) Axial view of Achilles tendon (e) Orange indicates Achilles tendon. Kager’s fat pad and calcaneus labeled 


Safety considerations: Approach from medial to lateral to 
avoid damage to the sural nerve. 

Pearls: 

• Accurately measuring the depth of the target on the screen 
is important to maintain the trajectory parallel to the 
transducer. 

• Ankle dorsiflexion stretches the Achilles tendon and may 
reduce anisotropy [30]. 

• Power Doppler may also be used to see areas of increased 
vascularity, representing inflammation [2, 35]. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Midtarsal Joint (Transverse Tarsal Joint) 

The midtarsal or transverse tarsal joint, also known as the 
Chopart joint, is comprised of articulations between the talona- 
vicular and calcaneocuboid joints. Ligaments that help to stabi- 
lize this joint are the dorsal talonavicular, dorsal and plantar 
calcaneocuboids, spring, and bifurcate ligaments. The spring 
ligament attaches from the sustentaculum tali of the calcaneus 
and attaches to the medial and plantar border of the navicular 
bone, providing strong plantar support for the talar head along 
with the short and long plantar ligaments (plantar calcaneocu- 
boids and calcaneocuboid metatarsal ligaments, respectively), 
as well as maintaining the longitudinal arch of the foot [5]. 

Although injuries to the midtarsal joints are rare with the 
incidence estimated to be at 3.6 per 1,000,000 year, up to 
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Fig. 7.1 2 (a) Example of sagittal probe position with gel standoff over 
Achilles tendon with in-plane needle position, (b) Example of in-plane 
injection with arrowhead in tendon sheath. Arrow indicates needle. Gel 
shows standoff positioning. Bracket indicates needle reverberation. 

41 % of these cases are misdiagnosed, possibly secondary 
to poor imaging choices [36]. In the detection of midfoot 
fractures, standard dorsoplantar and oblique radiographic 
views are reported to have low sensitivities ranging any- 
where from 25 to 33 % [37]. In regard to tendinous injuries, 
insufficiency of the spring ligament is associated with 
increased risk for development of pes planus and dysfunc- 
tion of the posterior tibial tendon [38]. Osteoarthritis of the 
midfoot may occur as a result of aging, trauma, and/or 
misalignment. 

Scanning Techniques and Anatomy to Identify 

Place the patient supine with the ipsilateral knee bent so that 
the foot is resting comfortably on the table. Use the medial 
and lateral malleoli as starting points for the proximal end of 
the transducer, and place the distal end sagittal, towards the 
midfoot. For the talonavicular joint, start at the medial mal- 
leolus and slide the transducer anteriorly while identifying 
the talus, then the navicular bone. For the calcaneocuboid 
joint, start at the lateral malleolus and slide the transducer 
anteriorly while identifying the talus, then calcaneus, then 
cuboid bone (Fig. 7.13). 


Calcaneus labeled, (c) Black arrowhead indicates steroid flash within in 
sheath superficial to the Achilles tendon. White arrowhead indicates 
needle tip. Arrow indicates needle. Bracket indicates needle reverbera- 
tion. Calcaneus labeled 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient supine with the knee bent 
and the foot resting comfortably on the table. 

Probe positioning: For the talonavicular joint, start with 
proximal tip over the medial malleolus and the distal tip 
extending towards the midfoot. Slide distally while identify- 
ing the talus, and then the navicular bone. For the calcaneo- 
cuboid joint, start with proximal tip over the lateral malleolus 
and the distal tip extending towards the midfoot. Slide dis- 
tally while identifying the talus, then calcaneus, then cuboid 
bone (Fig. 7.14a). Center the joints on the screen and build 
up adequate gel standoff. 

Markings: None. 

Needle position: Enter the skin in-plane with the probe, 
using gel standoff to optimize the trajectory (proximal to dis- 
tal for the talonavicular joint and distal to proximal for the 
calcaneocuboid joint). 

Safety considerations: Avoid the dorsalis pedis artery by 
using power Doppler to plan the needle entry point. 

Pearls: 

• The angle of needle entry must be fairly steep to steer 
clear of the medial and lateral malleoli. Improve the angle 
by performing the injection distal to proximal. 
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Fig. 7.13 (a) Axial view of talonavicular joint, (b) Asterisk indicates joint space. Talus and navicular labeled, (c) Axial view of calcaneocuboid 
joint, (d) Asterisk indicates joint space. Calcaneus and cuboid labeled 



Fig. 7.14 (a) Example of axial probe position with gel standoff over 
talonavicular joint with in-plane needle position, (b) Arrow indicates 
needle trajectory into the talonavicular joint. Talus and navicular 


labeled, (c) Example of axial probe position over calcaneocuboid joint 
with in-plane needle position, (d) Arrow indicates needle trajectory into 
the calcaneocuboid joint. Calcaneus and cuboid labeled 
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Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


in the interdigital web space. Masses greater than 5 mm are 
more likely to be symptomatic [40]. In the sagittal plane, iden- 
tification of the common plantar digital nerve leading into the 
neuroma and non-compressibility of the mass both support the 
diagnosis of neuroma, rather than bursitis (Fig. 7.15) [30]. 


Morton's Neuroma 

Morton’s neuroma (interdigital neuroma) is a common cause 
of forefoot pain and paresthesia, especially in women. It is a 
nonneoplastic enlargement of the common plantar digital nerve 
due to trauma, nerve entrapment, endoneurium edema, axonal 
degeneration, and/or vascular proliferation [30, 39]. The most 
common site for a Morton’s neuroma is the 3rd web space, fol- 
lowed by the 2nd. Mulder’s sign, where the examiner places 
medial and lateral stress compressing the metatarsal heads, dis- 
placing a neuroma in the plantar direction, may elicit a palpable 
click or pain. Ultrasound is both sensitive and specific, diag- 
nosing Morton’s neuroma with 95-98 % accuracy [40, 41]. 

Scanning Techniques and Anatomy to Identify 

Place the patient supine with the leg straight and the foot lying 
comfortably. Position the transducer in the coronal plane, 
transverse to the metatarsal heads. The neuroma appears as a 
hypoechoic mass, replacing the normal hyperechoic fat found 



Fig. 7.15 (a) Coronal view of Morton’s neuroma, (b) Black arrow 
indicates location of digital nerve. White arrow with stop indicates vas- 
culature. MH metatarsal heads 


Injection Technique: Out-of-Plane Coronal 
Approach 

Patient positioning: Lay the patient supine with the knee 
flexed and the foot resting flat on the table. 

Probe positioning: Place the probe transversely over the 
MTP joints. Visualize the neuroma in between the symptom- 
atic MTP joints, and center it on the screen (Fig. 7.16a). 
Markings: Identify small arteries. 

Needle position: Enter the skin out-of-plane, advancing 
the needle posteriorly and inferiorly. 



Fig. 7.1 6 (a) Example of coronal probe position over metatarsal heads 
with out-of-plane needle position, (b) Example of out-of-plane injec- 
tion. Arrowhead indicates needle tip, MH metatarsal heads 
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Safety considerations: Advancing too deep can result in 
perforation of the sole of the foot. 

Pearls: 

• Power Doppler may be useful in differentiating between 
symptomatic and noninflamed interdigital neuromas [2] . 
Equipment needed: 

• Medium- frequency linear array transducer (8-12 MHz) 

• 22-25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 

• 3 mL alcohol or phenol 


First Metatarsophalangeal Joint (MTP) 


rest, ice, compression, elevation (RICE), and activity modi- 
fication. When pain persists, intra- articular injection of cor- 
ticosteroid or hyaluronic acid may provide benefit 
(Table 7.4) [30, 43]. 

Scanning Technique and Anatomy to Identify 

Begin by placing the transducer in the sagittal plane over the 
EHL tendon. Identify the distal phalanx, proximal phalanx, 
and 1st metatarsal. Slide the probe medially off of the ten- 
don, and apply light traction and flexion to the toe, further 
opening up the joint space (Lig. 7.17). 


The first metatarsophalangeal (MTP) joint is a common site 
for forefoot pain. Differential includes gout, osteoarthritis, 
rheumatoid arthritis (RA), fracture, infection, turf toe, pso- 
riatic arthritis, sesamoiditis, and EHL tendon rupture. Initial 
treatment includes orthotics with 1st MTP immobilization, 

Table 7.4 Accuracy of first metatarsophalangeal joint (MTP) 
injections 

Study - 1st MTP injection Author Accuracy (%) 

Ultrasound guided (unblinded) Reach et al. [2] 100 

Ultrasound guided (unblinded) Wempe et al. [42] 100 



Fig. 7.17 (a) Sagittal gel standoff view over MTP joint, (b) Teal indicates 
gel. Asterisk indicates joint space. Metatarsal and proximal phalanx labeled 


Injection Technique: In-Plane Sagittal Approach 

Patient positioning: Place the patient supine with knee flexed. 
Position the foot so that the forefoot is hanging off the edge, 
to facilitate manual traction. 

Probe positioning: Place the probe in the sagittal plane, 
just medial to the EHL tendon (Fig. 7.18a). 



Fig. 7.1 8 (a) Example of sagittal probe position with gel standoff over 
first MTP joint with in-plane needle position, (b) Sagittal gel standoff 
view of first MTP with arrowhead indicating entry into joint. Arrow 
indicates needle. Bracket indicates needle reverberation. PP proximal 
phalanx. Metatarsal and gel labeled 
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Markings: None. 

Needle position: Enter the skin in-plane with the trans- 
ducer, advancing distal to proximal. Maintain a superficial 
trajectory and use gel standoff for better access. 

Safety considerations: Avoid the EHL tendon. 

Pearls: 

• Applying axial traction may assist in opening up the joint. 

• If gout is suspected, consider aspiration and lab work. 

• Use a gel standoff to keep the needle parallel to the trans- 
ducer and facilitate joint entry. 

Equipment needed: 

• High-frequency linear array transducer 

• 25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Peroneal (Fibular) Tendon Sheath 

The peroneus longus runs from the proximal fibula to the 
base of the first metatarsal and the peroneus brevis from the 
distal lateral fibula to the fifth metatarsal. Together, they dor- 


Table 7.5 Accuracy of peroneal tendon sheath injection 


Study - peroneal tendon 
sheath injection 

Author 

Accuracy (%) 

Palpation 

Muir et al. [46] 

60 

Ultrasound guided 

Muir et al. [46] 

100 


siflex (peroneus longus) and evert (peroneus brevis) the foot 
at the ankle. Injury to the tendons from repetitive eversion, 
trauma, or sudden dorsiflexion of the foot can lead to tenosy- 
novitis, subluxation/dislocation, rupture, or chronic tendi- 
nopathy. Diagnosis is largely clinical but ultrasound is a 
useful and expedient alternative to MRI when imaging is 
indicated [44, 45]. Treatment begins with rest, immobiliza- 
tion, physical therapy, and anti-inflammatory medications. 
Persistent cases can be treated with injection therapy and 
surgery. Corticosteroid injections have proven to be useful 
but must be carefully performed given the close proximity to 
the sural nerve (Table 7.5) [45, 46]. 

Scanning Techniques and Anatomy to Identify 

Lay the patient on their side with the lateral aspect of the 
affected ankle facing up. A rolled-up towel can be placed 
under the medial malleolus for comfort. Locate the lateral 
malleolus and position the transducer in the axial plane pos- 
terior to the fibula in the retromalleolar groove, approxi- 
mately 3-4 cm proximal to the fibular tip. Starting superiorly, 
the peroneus brevis’ muscle belly and tendon will be seen 
first. More inferiorly, approaching the fibular tip, the pero- 
neus longus tendons may be identified [30, 47]. Follow the 
tendons in cross section along their course, wrapping around 
the malleolus. Visualize them just inferior and anterior to the 
medial malleolus in preparation for injection (Fig. 7.19). 



Fig. 7.19 (a) Short-axis view of peroneal tendons, (b) Orange indi- of the peroneus brevis tendon, (d) Orange indicates peroneus brevis 
cates peroneusa brevis. Asterisk indicates tenosynovitis. Purple indi- tendon. Arrows indicate tenosynovitis. Lateral malleolus labeled 
cates peroneus longus. Lateral malleolus labeled, (c) Longitudinal view 
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Fig. 7.20 (a) Example of short-axis probe position over peroneal ten- 
dons with out-of-plane needle position, (b) Example of out-of-plane 
injection. Arrowhead indicates needle tip. Lateral malleolus labeled 


Injection Technique: Out-of-Plane Short-Axis 
Approach 

Patient positioning: Lay the patient in on their side with the 
lateral aspect of the affected ankle facing up. 

Probe positioning: The probe is placed inferior and ante- 
rior to the lateral malleolus, short axis to the tendons 
(Fig. 7.20a). 

Markings: 

Needle position: Enter the skin out-of-plane to the probe 
from either side of it, and advance to the tendon sheath. 

Safety considerations: Look for and avoid the sural nerve, 
although it is not easily visualized. 

Pearls: 

• To assess for dynamic instability, place the transducer in 
the axial plane posterior to the distal fibula, and have the 
patient actively dorsiflex and evert the ankle [30]. 
Equipment needed: 

• Medium- frequency linear array transducer (8-12 MHz) 

• 25G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 



Fig. 7.21 (a) Example of longitudinal probe position over peroneal 
tendons with in-plane needle position, (b) Example of in-plane injec- 
tion. White arrowhead indicates needle tip. White arrow indicates nee- 
dle. Bracket indicates needle reverberation. Black arrow indicates fluid 
within tendon sheath. Lateral malleolus labeled 


Injection Technique: In-Plane Longitudinal 
Approach 

Patient positioning: Lay the patient in on their side with the 
lateral aspect of the affected ankle facing up. 

Probe positioning: The probe is placed inferior and ante- 
rior to the lateral malleolus longitudinal to the peroneal ten- 
dons (Fig. 7.21a). 
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Markings: 

Needle position: Enter the skin in-plane to the probe from 
either side of it and advance to the tendon sheath. 

Safety considerations: Look for and avoid the sural nerve, 
although it is not easily visualized. 

Pearls: 

• To assess for dynamic instability, place the transducer in 
the axial plane posterior to the distal fibula, and have the 
patient actively dorsiflex and evert the ankle [30]. 
Equipment needed: 

• Medium- frequency linear array transducer (8-12 MHz) 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 


Plantar Fascia (Aponeurosis) 

The plantar fascia arises proximally from the medial tuberosity 
of the calcaneus and attaches distally at the metatarsal heads of 
the proximal phalanges of the toes. It provides supports for the 
foot arch and acts as a shock absorber during weight-bearing 
activities. A 2003 Cochrane review by Crawford and Thomson 
described the condition as self-limiting, often resolving within 
a year’s time regardless of treatment type [48]. According to 
another study by Tsai et al., 80-90 % of those affected respond 


to conservative treatment [49]. Patients who fail conservative 
measures may benefit from corticosteroid injections, PRP, or 
dry needling techniques. However, repeated steroid injections 
to this area can result in plantar fat pad atrophy or spontaneous 
plantar fascia rupture [26, 49, 50]. Palpation-guided injections 
are reported to have anywhere from 31 to 35 % treatment suc- 
cess rate [35]. Ultrasound guidance can decrease the risk of 
complication by guiding the needle along the plantar margin of 
the fascia and avoiding fat pad injection. In addition, response 
to injection therapy can be monitored by serial measurements 
of the plantar fascia [30]. 

Scanning Techniques and Anatomy to Identify 

Lay the patient prone with their feet hanging off the table or at 
the end of the examination table with a pillow underneath. Place 
the transducer in the sagittal plane over the plantar aspect of foot 
at the level of the calcaneal insertion. Here, the width of the 
fascia may be measured along its whole course, noting areas of 
thickening. Normal plantar fascia appears echogenic and stri- 
ated. Hypoechoic thickening (>4 mm) is an abnormal finding 
that is often seen at the proximal attachment of the fascia on the 
calcaneus [30, 33]. With the proximal attachment centered on 
the screen, rotate the probe 90° to visualize the attachment site 
in the coronal plane in preparation for injection (Fig. 7.22). 



Fig. 7.22 (a) Sagittal view of plantar fascia, (b) Green indicates plantar fascia. Fat pad and calcaneus labeled, (c) Coronal view of plantar fascia, 
(d) Green indicates plantar fascia. Fat pad and calcaneus labeled 
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Fig. 7.23 (a) Example of coronal probe position over plantar fascia 
with in-plane needle position, (b) Example of in-plane injection. 
Arrowhead indicates needle tip. Arrow indicates needle. Bracket indi- 
cates needle reverberation. Calcaneus labeled 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient prone with the feet hang- 
ing over the edge of the table. 

Probe positioning: Place the transducer longitudinally 
over the plantar aspect of foot at the level of the calcaneal 
insertion. Rotate the probe 90° to visualize the calcaneal 
attachment in the coronal plane (Fig. 7.23a). 

Markings: None. 


Needle position: Enter the skin from either the medial or 
lateral heel, in-plane with the transducer, and guide it to the 
plantar fascia. Switch to the sagittal plane to visualize the 
needle out-of-plane, and help guide it to areas of calcifica- 
tion, hypoechogenicity, or thickening. This can be facilitated 
with a “K” turn, retracting the needle and rotating radially to 
increase needle coverage without rebreaking skin. 

Safety considerations: Avoid injecting the fat pad. When 
injecting within the fascia, use minimal volume to decrease 
the risk of rupture. 

Pearls: 

• With dynamic scanning, active ankle dorsiflexion may 
help to better visualize the plantar fascia margins. 
Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5-1 .0 mL of steroid preparation 

• 1-3 mL local anesthetic 


Tarsal Tunnel Syndrome 

The tarsal tunnel is formed by the groove between the poste- 
rior calcaneus and medial malleolus. It wraps around the 
inferior malleolus, following the course of its overlying 
flexor retinaculum. It contains the tendons of the tibialis pos- 
terior, flexor digitorum longus, flexor hallucis longus, and 
the posterior tibial nerve, artery, and vein. Within the tunnel 
the posterior tibial nerve bifurcates into the medial and lat- 
eral plantar nerves, although this can occur proximal to the 
tunnel in 5 % of cases [43]. Before the bifurcation, also 
within the tunnel, the medial calcaneal nerve branches off 
from the posterior tibial nerve; however, it has been shown to 
arise from the lateral plantar nerve 25 % of the time [43]. 
It has also been shown to branch off earlier and bypass the 
tarsal tunnel superficial to the flexor retinaculum [30]. 
Ultrasound can be helpful in detecting soft tissue and osse- 
ous abnormalities within the tarsal tunnel [51] and is very 
useful in guiding injections to this crowded region. 

Scanning Techniques and Anatomy to Identify 

Position the patient on their side with the medial aspect of 
the affected ankle facing up. Place the probe in the axial 
plane just superior and posterior to the medial malleolus. 
From anterior to posterior, identify the tibialis posterior ten- 
don; flexor digitorum tendon; posterior tibial artery, vein, 
and nerve; and lastly the flexor hallucis longus [34]. The 
overlying flexor retinaculum should appear hyperechoic and 
fibrillar. Slide the probe inferiorly and anteriorly following 
the course of the tunnel while rotating it accordingly to 
maintain cross-sectional views. Look for the bifurcation into 
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Fig. 7.24 (a) Axial view of tarsal tunnel with Doppler utilization, (b) Orange indicates tibialis posterior tendon. Purple indicates flexor digitorum 
longus. Arrow with stop indicates tibial artery adjacent to veins. Yellow indicates tibial nerve. FHL flexor hallucis longus 


the plantar nerves, as well as the emergence of the medial 
calcaneal nerve. Find the level prior to the bifurcation where 
the flexor retinaculum is clearly visible, which generally 
occurs towards the proximal end of the tunnel. Use power 
Doppler to monitor the vascular distribution in preparation 
for injection (Fig. 7.24). 

Injection Technique: Out-of-Plane Axial 
Approach 

Patient positioning: Lay the patient in the lateral decubitus 
position with the medial aspect of the ankle facing upwards. 

Probe positioning: Place the probe in the axial plane just 
superior and posterior to the medial malleolus. Slide the 
probe distally until the flexor retinaculum is clear. Try to stay 
proximal to the bifurcation of the posterior tibial nerve 
(Fig. 7.25a). 

Markings: 

Needle position: Enter the skin out-of-plane with the 
probe, from either proximal to distal or distal to proximal. 
Use power Doppler to plan the trajectory towards the nerve 
while avoiding the vascular structures. 

Safety considerations: Avoid the posterior tibial artery 
and vein. 

Pearls: 

• Hydrodissection around the nerve is recommended to 
loosen any adhesions that may be present. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient in the lateral decubitus 
position with the medial aspect of the ankle facing upwards. 



Fig. 7.25 (a) Example of axial probe position over tarsal tunnel with 
out-of-plane needle position, (b) Example of out-of-plane injection. 
Arrowhead indicates needle tip. Arrow with stop indicates tibial artery. 
Tibia labeled 

Probe positioning: Place the probe in the axial plane just 
superior and posterior to the medial malleolus. Slide the probe 
distally until the flexor retinaculum is clear. Try to stay proxi- 
mal to the bifurcation of the posterior tibial nerve (Fig. 7.26a). 

Markings: 

Needle position: Enter the skin in-plane with the probe, 
from anterior to posterior. Use power Doppler to plan the 
trajectory towards the nerve while avoiding the vascular 
structures. 

Safety considerations: Avoid the posterior tibial artery 
and vein. 
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Fig. 7.26 (a) Example of axial probe position over tarsal tunnel with 
in-plane needle position, (b) Example of in-plane injection. Arrow indi- 
cates needle trajectory with gel standoff technique avoiding the medial 
tendons and vessels. Arrow with stop indicates tibial artery. Tibia 
labeled 

Pearls: 

• If the medial malleolus is prominent, it may interfere with 
the needle guidance. In this case rotate the probe so that 
its anterior edge is just above the malleolus, leaving a 
clear path. 

• Hydrodissection around the nerve is recommended to 
loosen any adhesions that may be present. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5 mL of steroid preparation 

• 1-3 mL local anesthetic 
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Myofascial pain syndrome (MPS) as defined by Travell and 
Simons is characterized by trigger points (TrP), limited 
ROM of the affected muscle(s), and neurologic symptoms 
(autonomic, proprioceptive) [1, 2]. The diagnosis of MPS is 
based on the presence of 1 or more trigger points. Trigger 
points (TrP) can be latent or active [1]. Latent TrP are associ- 
ated with stiffness and restricted ROM but no pain unless 
palpated. Active TrP produce a referred pain pattern specific 
to that muscle spontaneously and when the TrP is palpated. 
The physical findings for diagnosis of a myofascial trigger 
point are (1) palpation of a tender nodule in a taut band, (2) a 
referred pain pattern specific for the muscle, (3) a local 
twitch response (LTR) with snapping palpation or triggering 
with needle, and (4) restricted ROM [2]. 


Pathophysiology of Trigger Points 

The pathophysiology behind the TrP is becoming clearer. 
Shah summarizes the current concept well stating that active 
TrP “are a source of ongoing peripheral nociception that may 
induce central sensitization.” [3] In 1999, Simons presented 
the “integrated hypothesis” which involves (1) problems 
with biomechanics, (2) development of trigger points, and 
(3) sensitization of the spinal cord [4]. It states that trigger 
points are initiated by biomechanical factors, resulting in 
local muscle injury in the form of trigger points. These ten- 
der taut bands are associated with increased motor end plate 
activity and focal hypertonicity [5, 6]. This process leads to 
increased energy demand from the taut band producing “a 
local energy crisis.” This energy crisis leads to ischemia and 
the release of noxious substances. It was not until Shah in 
2005, using a microdialysis needle, revealed that substance 
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P, calcitonin gene-related peptide (CGRP), bradykinin, 
5 -hydroxy tryptophan (5-HT), norepinephrine, TNF-alpha, 
and interleukin- 1 beta were elevated in the active TrP of 
patients with MPS confirming Simons’ “Integrated hypothe- 
sis.” [7-9] Additionally, CGRP is specifically associated 
with increased end plate activity which supports studies 
conducted by Hubbard and Simons using electromyography 
[5, 6]. The sustained nociceptive activity caused by the trig- 
ger point leads to sensitization of the dorsal horn. This results 
in allodynia and hyperalgesia, the hallmarks of central sensi- 
tization [10, 11]. Wide dynamic range (WDR) neurons in the 
dorsal horn become sensitized which may explain the 
referred pain patterns, autonomic symptoms, and activation 
of the limbic system [11-13]. Woolf suggests that injury to 
any body part can lead to central sensitization [11]. The treat- 
ment should focus on treating the trigger point and turning 
off the nociceptive input. Many physicians feel that if the 
sources of the biomechanical maladaptations (i.e., spinal ste- 
nosis, radiculopathy, zygapophysial joint arthropathy, scoli- 
osis, tendinopathy, osteoarthritis) are treated correctly, the 
trigger points will resolve. Simons and Travell, however, 
believe MPS is an entity within itself and specific to 
muscle. 


Treatments for Myofascial Pain Syndrome 

Over the years a variety of different methods have been used 
to treat trigger points, which can be broken down into four 
major subgroups: manual techniques, modalities, medica- 
tions, and needle intervention. Manual techniques are used 
extensively by therapists, physiatrists, and osteopathic phy- 
sicians. These techniques include the spray and stretch with 
ethyl chloride, post isometric relaxation (PIR) or muscle 
energy, strain-counterstrain, deep-stroking massage, and 
trigger point pressure release [1, 14, 15]. Modalities include 
the use of transcutaneous electrical nerve stimulator, ultra- 
sound, and laser therapy as an adjunctive therapy in the treat- 
ment of MPS [16]. 
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Medications used to treat MPS include muscle relax- 
ants, benzodiazepines, neuropathic agents, topical analge- 
sics, and NSAIDS. Annaswamy in 2011 did a thorough 
literature review of the medications that are used to treat 
MPS [16]. The muscle relaxants cyclobenzaprine and tiza- 
nidine, though widely used, lack high-quality randomized 
controlled trials (RCT) to support their efficacy. 
Benzodiazepines, specifically clonazepam and diazepam, 
have RCT studies that strongly support their use [16]. 
Neuropathic agents include tricyclic antidepressants 
(TCAs) (amitriptyline) and anticonvulsants (gabapentin 
and pregabalin). There are two RCT trials that support the 
use of amitriptyline, but there are no RCT studies that sup- 
port the use of gabapentin or pregabalin. Topical analgesics 
are widely used to treat generalized musculoskeletal pain. 
The most common analgesic medications (lidocaine, 
methyl salicylate, and diclofenac) all have at least 1 RCT 
that shows some support for their use in MPS. NSAIDs are 
common first-line agents used to treat musculoskeletal 
pain. Overall there is scarcity of any research about the effi- 
cacy of NSAIDs in MPS. In one RCT, ibuprofen proved to 
be beneficial in pain reduction in combination with diaze- 
pam when compared to diazepam alone [16]. 

Needle interventions include dry needling and wet nee- 
dling, i.e., injection. Lewit was the first to document the 
“needle effect,” which is the immediate analgesia after dry 
needling the TrP [17]. He also relates that the pain intensity 
produced by needling the TrP was directly related to the 
success of treatment and as a sign of precision. Hong had 
similar results but in addition he stated that “it is essential 
to elicit a local twitch response (LTR) during injection to 
obtain an immediately desirable effect.” [18] Many high- 
quality RCT studies have found no significant difference 
between dry needling, injections with lidocaine, injection 
with normal saline, and injection with steroid, supporting 
the theory that needling of the trigger point alone is suffi- 
cient to reduce pain and increase ROM [16, 18-20]. Some 
authors still prefer to use lidocaine with TrP injections as it 
leads to less postinjection pain [2, 18]. After injection many 
clinicians will pepper the area “in a fanlike manner or in a 
full circle” to ensure the trigger is adequately deactivated 
[2]. To obtain a long-lasting effect, the patient may need 
several injections into the trigger point over a few weeks 
time [2]. The other major agent used for injection is botuli- 
num toxin (BTX) which several studies have shown to be 
no more effective than bupivacaine, dry needling, or saline 
[19,21,22]. 

To avoid causing excessive trauma to the muscle, a 
25 g needle is recommended for injections with lidocaine. 
To reach deep muscles like the quadratus lumborum, a 
22 g spinal needle may be indicated. If dry needling, a 
solid bore needle would cause less trauma than a hypoder- 
mic one. 


Ultrasound Identification of Trigger Points 

A number of recent articles support the use of ultrasound 
(US) for guiding trigger point injections. The benefits include 
the following: (1) prevent complications by avoiding nerves, 
vessels, and viscera; (2) increase accuracy (and efficacy) of 
trigger point injections; and (3) aid in recognition and treat- 
ment of trigger points in deep muscles. 

Botwin documented the use of ultrasound guidance for 
TrP injections in the cervicothoracic region to increase accu- 
racy and to prevent complications, such as pneumothorax 
[23]. Rha demonstrated that ultrasound is useful in detecting 
local twitch response in deep back musculature, but they did 
not describe the appearance of the trigger point [24]. Sikdar 
and Ballyns documented that (1) TrP appeared as focal, 
hypoechoic regions on 2-D ultrasound, (2) TrP are firmer 
than the surrounding muscle with vibration sonoelastogra- 
phy, and (3) active TrP have a highly resistive vascular bed 
by Doppler [25-27]. Contrary to Sikdar and Ballyns’ descrip- 
tion of the TrP as hypoechoic, Shankar in a case report found 
that TrP in the trapezius and supraspinatus appeared as local- 
ized areas of hyperechogenicity [28]. Shankar postulates that 
the difference is secondary to the low-frequency, curved 
array transducer used by Sikdar in his studies, but Sikdar 
reports using a linear array transducer. Shanker reports that 
the earliest report of the TrP US appearance was by Gerwin 
in 1997, who described it as hyperechoic [29]. In a letter, 
Niraj describes trigger points as a “mixed echoic area” in the 
rectus abdominis [30]. It appears that the ultrasound appear- 
ance of trigger points is still under dispute. 

The Ballyns study was conducted at the Rehabilitation 
Medicine Department of the National Institute of Health and 
Clinical Research Center and clearly has the strongest data. 
It has the largest sample size, utilized secondary imaging 
techniques to help quantify muscle (vibration sonography 
and Doppler), and used a pressure algometer to determine 
pain thresholds. Their description of TrP using 2-D gray 
scale ultrasonography is likely the most accurate. 
Nonetheless, even Ballyn when describing the appearance 
used the modifier “typically” in the description of the trigger 
point (Table 8.1). Some questions still need to be answered. 
Is the echogenic appearance of TrP a continuum? Is it related 
to the severity of the trigger point? Is it related to the specific 
muscle, i.e., trapezius or rectus abdominis? Is it related to the 
proximity of the trigger point to the myotendinous 
junction? 


Trapezius Muscle 

The trapezius muscle is composed of three main parts: upper, 
middle, and lower [31]. Each part has a different function and 
fiber direction. The trapezius is innervated by cranial nerve 
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Table 8.1 Ultrasound appearance of trigger points by study 

Study 

Sample size 

Transducer/US system 

TrP ultrasound appearance 

Sikdar et al. [27] 

9 

Linear array 12-5 MHz (Philip iU22 clinical US 
system with LI 2-5 transducer) 

“Focal hypoechoic (darker) areas with heterogeneous 
echotexture” 

Ballyns et al. [25] 

44 

Linear array 12-5 MHz (Philip iU22 clinical US 
system with LI 2-5 transducer) 

“Typically, trigger points appear as focal hypoechoic 
(darker) areas with a heterogeneous echo texture” 

Niraj et al. [30] 

10 

High-resolution linear array 12-7 MHz (Sonosite 
S-Nerve US system) 

“Mixed echoic area” 


XI (accessory nerve) and by C2-C4 cervical nerves. The 
function of the upper trapezius is to rotate the clavicle at the 
sternoclavicular joint, move the scapula obliquely upward, 
and rotate the glenoid cavity inferiorly. The middle trapezius 
retracts the scapula medially. The lower trapezius stabilizes 
the scapula and moves it medially and downward. According 
to Travell and Simons, trigger points in the upper trapezius 
are activated by everyday activities that involve sustained 
elevation of the shoulders such as painting, playing a musical 
instrument, holding a telephone without elbow support, and 
typing on a computer without armrests [2] . Other events that 
can also lead to generation of trapezius trigger points include 
whiplash, tight bra straps, heavy over the shoulder bags, or 
trauma. Travell and Simmons identified six trigger points in 
the trapezius muscle [2]. Two are located in the upper part, 
two in the middle part, and two in the lower part. The trigger 
points in the superior part refer pain over the posterior aspect 
of the neck and along the temporal and periarticular areas. 
The trigger points in the middle trapezius refer pain along the 
paraspinal area. In the inferior trapezius, pain is referred over 
the mastoid, behind the neck, and between the scapula. 

Scanning Techniques and Anatomy to Identify: 
Upper Trapezius 

The superior fibers of the trapezius originate at the occipital 
bone and cervical spinous processes via the nuchal ligament 
and insert on the lateral third of the clavicle forming the ante- 
rior margin of the trapezius. The fibers of anterior margin of 
the trapezius run obliquely inferior and lateral towards the 
posterior border of the lateral third of the clavicle [31]. Deep 
to the anterior margin is the supraclavicular fossa. This 
region is dangerous to inject due to the presence of many 
important life-sustaining nerves, vessels, and viscera. In the 
supraclavicular fossa are the subclavian artery and vein, bra- 
chial plexus, phrenic nerve, and apex of the lung. 

With the patient either seated or prone, identify the trigger 
point by palpation. Place the probe along the posterior por- 
tion of the upper trapezius. Scan over the trigger point and 
identify it by US. The most superficial layer of muscle is the 
trapezius. When injecting the superior trap, the trajectory of 
the needle is dependent on the location. If along the far lat- 
eral region, a posterior to anterior trajectory will avoid the 


supraclavicular fossa entirely. If injecting more medially, a 
flat medial to lateral trajectory will avoid all other structures 
unless a long needle is used. Use the Doppler to identify any 
veins or arteries. Ribs, clavicle, and scapula are easily iden- 
tifiable as hyperechoic. 

Scanning Techniques and Anatomy to Identify: 
Middle Trapezius 

The middle fibers of the trapezius originate from the aponeu- 
rosis at the level of the T1-T4 spinous processes and insert 
onto the acromion and the scapular spine. The middle trape- 
zius can be divided into the lateral (scapular) region and the 
medial (rhomboid) region. 

The lateral region is defined by scapula being deep to the 
trapezius. With the ultrasound probe parallel and superior to the 
scapular spine, the layers of tissue from superficial to deep are 
skin/subcutaneous fat, trapezius muscle, supraspinatus muscle, 
and the blade of scapula. The only vessels and nerve to be con- 
cerned with are the suprascapular artery, vein, and nerve as they 
pass through the suprascapular notch. This region is safer for 
injection since the lung is protected by the scapula (Fig. 8.1). 

The medial region lies between the medial border of the 
scapula and the T1-T4 spinous processes. With the ultra- 
sound probe oriented either transverse or longitudinal to the 
fibers of the trapezius, the layers of tissue of superficial to 
deep are the subcutaneous fat, trapezius muscle, rhomboid 
minor or levator scapulae, serratus posterior superior, erector 
spinae muscles, and ribs. The spinal accessory nerve (SAN) 
runs deep to the trapezius but superficial to the rhomboids and 
levator scapulae. The SAN runs inferior parallel to the spi- 
nous processes and medial to the medial border of the scap- 
ula. The SAN can be identified by turning on the Doppler and 
locating the superior branch of the transverse cervical artery 
and veins which run adjacent to the SAN. The SAN is about 
1 mm in diameter and is monofascicular by ultrasound [32]. 
Deep to the rhomboids and levator scapulae but superficial to 
the serratus posterior superior and erector spinae muscle run 
the dorsal scapular nerve and the deep branch of the trans- 
verse cervical artery (Dorsal scapular artery) along the medial 
border of the scapula. Risk of pneumothorax is small due to 
thickness of the musculature in this region. Nonetheless, the 
ribs are easily identified by US as hyperechoic. 
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Fig. 8.1 (a) Coronal view of upper trapezius muscle, (b) Orange indicates trapezius muscle, purple indicates supraspinatus muscle, scapula 
labeled 


Scanning Techniques and Anatomy to Identify: 
Lower Trapezius 

The lower fibers of the trapezius originate from the T5 to 
T12 spinous processes and insert onto the inferior portion of 
scapular spine. Similar to the middle trapezius, the lower tra- 
pezius can be divided into a lateral and medial region. 

The lateral region is defined by the presence of the scap- 
ula deep to all tissues. This region occupies a small area infe- 
rior to the scapular spine. Place the US probe parallel and 
inferior to the scapular spine. The layers of tissue from 
superficial to the deep are the subcutaneous fat, the trapezius, 
the infraspinatus, and the blade of the scapula. Again, much 
like the lateral region of the middle trapezius, this region is 
safe to inject, as there are no major nerves or vessels and the 
scapula protects the lung. 

The medial region spans quite a distance from T5 to T12. 
In the majority of this region, the rhomboid major muscle 
lies deep to the trapezius except in the more inferior portion 
where the erector spinae or the latissimus dorsi may lie deep. 
The SAN and associated vessels are less easily identified, as 
this is where they terminate. 


Injection Technique: In-Plane Longitudinal 
Approach 

Patient positioning: The patient should lie in the prone posi- 
tion for the lower and middle trapezius and either prone or 
seated for the upper trapezius. 

Probe positioning: Place the probe over the trigger point 
either transverse or longitudinal to the muscle fibers 
(Fig. 8.2a). 

Markings: When injecting the superior trapezius, use the 
color Doppler to identify the subclavian artery and vein in the 
supraclavicular fossa and the superficial branch of the trans- 
verse cervical artery, which lies in the fascia deep to the medial 



Fig. 8.2 (a) Example of coronal probe position over upper trapezius 
muscle with in-plane needle position, (b) Example of in-plane approach, 
arrowhead indicates needle tip, arrow indicates needle, subcutaneous 
tissue and trapezius labeled 


trapezius and superficial to all other musculature. The apex of 
the lung is approximately 2.5 cm above the medial third of the 
clavicle at the level of the anterior border of the SCM [31]. 
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Needle position: The needle should be inserted parallel to 
the transducer for optimal visualization, with simultaneous 
injection of local anesthetic. 

Safety considerations: There is a risk of the following: pro- 
longed bleeding, infection, allergic reaction, increased pain 
and spasm, decreased functional scores, and pneumothorax. 
Pearls: 

• Avoid pneumothorax by identifying the hyperechoic ribs 
and pleura between the individual ribs. 

• Use Doppler to identify vessels to avoid intravascular 
injection. 

• If the taut band rolls under the needle, anchor the trigger 
point along its length with fingers or thumb to prevent 
rolling. 

• If a referred pain pattern and local twitch response were 
elicited prior to injection, then once the needle enters the 
trigger point they should occur again. 

• Postinjection it is important to have the patient actively 
stretch each muscle injected through its full range of 
motion. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25G 1.5" needle 

• 1-3 ml local anesthetic 


Scalenus Anterior 

The muscles that lie directly lateral to the cervical vertebral 
column are the scalenes. In total there are four scalenus mus- 
cles: anterior, medius, posterior, and minimus. Trigger points 
in the scalenes can cause shoulder, back, or arm pain. These 
trigger points can be activated by pulling, lifting, coughing, 
musculoskeletal asymmetry, or anything that causes a distur- 
bance in gait [4]. Contraction of the anterior and middle 


scalene elevates the first rib and flexes the head ipsilaterally. 
Activation of the posterior scalene elevates the second rib 
and flexes the neck ipsilaterally. These muscles also assist 
during respiration. They are innervated by branches off of 
the anterior cervical rami (C2-C8). Trigger points of the sca- 
lenes refer pain to the anterior chest, the ipsilateral upper 
limb, and the medial border of the scapula [4]. 

Scanning Techniques and Anatomy to Identify 

Scalenus anterior is formed by multiple musculotendinous 
fascicles that originate from the anterior tubercles of the 
transverse processes of C3 to C6 and blend together and 
insert onto the scalene tubercle of the 1st rib. Place the patient 
supine with his neck supported and head rotated to the con- 
tralateral side about 20°. Place the transducer axially, along 
the posterior margin of the SCM about midway between the 
mastoid process and clavicle. The anterior scalene is the 
muscular belly just posterior to the SCM. Medial to the ante- 
rior scalene is the carotid space including the internal jugular 
vein, common carotid artery, and vagus nerve. At this level 
the carotid space lies deep to the SCM and thus easily 
avoided. Anterior to the scalene is the phrenic nerve, and 
posterior is the brachial plexus and subclavian artery and 
vein (Fig. 8.3). 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Place the patient supine with his neck 
supported and head rotated to the contralateral side about 20°. 

Probe positioning: Place the probe in the axial plane along 
the posterior margin of the sternocleidomastoid muscle 
(Fig. 8.4a). 



Fig. 8.3 (a) Axial view of scalene muscles, (b) Purple indicates poste- indicates phrenic nerve, SCM sternocleidomastoid muscle, IJ internal 
rior scalene, orange indicates middle scalene, magenta indicates ante- jugular vein, C carotid artery, white arrow with stop also indicates 
rior scalene, black arrow indicates vagus nerve, black arrowhead carotid artery 
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Fig. 8.4 (a) Example of probe position over the anterior scalene, (b) Example of in-plane axial approach, long white arrow indicates trajectory 
into the anterior scalene, SCM sternocleidomastoid muscle, C carotid artery, IJ internal jugular vein, arrow with stop also indicating carotid artery 


Markings: Use color Doppler to identify the internal 
carotid, internal jugular, subclavian artery/vein, and external 
carotid artery. 

Needle position: The needle should be inserted parallel to 
the transducer for optimal visualization, with simultaneous 
injection of local anesthetic. 

Safety considerations: 

• Brachial plexus palsy: Torriani in 2009 reported 33 % 
incidence of brachial plexus palsy while performing 
US -guided anterior scalene injections with bupivacaine 
for thoracic outlet syndrome management [33]. In a simi- 
lar study with botulinum toxin, Torriani (2010) reported 
no incidence of brachial plexus palsy [34]. As this evi- 
dence suggests, to avoid unintended nerve blocks in this 
region, it is best to use botulinum toxin. 

• Phrenic nerve palsy: The incidence of phrenic nerve palsy 
for interscalene block is reported as high as 100 % in sev- 
eral studies [35]. Using high-resolution ultrasonography, 
Kessler reports that the phrenic nerve is monofascicular 
with a mean diameter of 0.76 mm and was identifiable in 
93.5 % of 23 volunteers [36]. 

Pearls: 

• Injections of the anterior scalene should be performed 
with botulinum toxin since injections with local anesthetic 
are likely to lead to temporary brachial plexus or phrenic 
nerve palsy. 

• The phrenic nerve runs directly superficial to the scalenes 
and can be identified by ultrasound. 

• Use Doppler to identify the internal carotid, internal jugu- 
lar, external jugular, and associated branches to these 
vessels. 

• If the taut band rolls under the needle, anchor the trigger 
point along its length with fingers or thumb to prevent 
rolling. 


• If a referred pain pattern and local twitch response were 
elicited prior to injection, then once the needle enters the 
trigger point they should occur again. 

• Postinjection it is important to have the patient actively 
stretch each muscle injected through its full range of motion. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 1-3 ml of local anesthetic or botulinum toxin preparation 


Sternocleidomastoid Muscle (SCM) 

The SCM can be divided into a sternal and clavicular divi- 
sion. Both divisions have their own function and referred 
pain patterns. Patients with a trigger point in the sternal divi- 
sion may complain of pain over their eye or face, whereas 
patients with a clavicular division trigger point may report 
pain over their ear or forehead [4]. In addition, trigger points 
in the SCM are associated with autonomic symptoms [4]. 
Sternal division trigger points may be associated with lacri- 
mation of the eye. Activation of clavicular division trigger 
points may cause the patient to feel dizzy. The SCM is inner- 
vated by the accessory nerve (cranial nerve XI) and by the 
C1-C2 branches of the cervical plexus. When bilateral SCM 
muscles are activated, the head is extended. Unilateral con- 
traction of the SCM muscle will cause the head to side bend 
ipsilaterally and rotate the head to the contralateral side [31]. 

Scanning Techniques and Anatomy to Identify 

The SCM forms the anterior border of the posterior cervical 
triangle and posterior border of the anterior cervical triangle. 
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Fig. 8.5 (a) Coronal view of sternocleidomastoid with Doppler, (b) SCM sternocleidomastoid muscle, black arrowheads outline SCM, Doppler 
showing carotid artery running just deep to the SCM 


The SCM descends from the mastoid process and attaches infe- 
riorly by two heads. The sternal head inserts at the manubrium 
and lies superficial to the clavicular head. The clavicular head 
inserts along the medial third of the clavicle. It lays superficial 
to all muscles in the anterior neck except for the platysma. 
Deep to the SCM nearly along its entire length is the carotid 
space which houses the common carotid artery, internal jugular 
vein, and vagus nerve. Cranial nerves IX, X, XI, and XII tra- 
verse the superior carotid space. Place the probe over the trig- 
ger point in a plane longitudinal to the SCM. Scan along its 
length to identify and avoid the structures above (Fig. 8.5). 


Injection Technique: In-Plane Coronal 
Approach 

Patient positioning: Place the patient in a supine position 
with the head rotated to the contralateral side. 

Probe positioning: Place the probe longitudinal to the 
fibers of the SCM (Fig. 8.6a). 

Markings: Use the color Doppler to identify the common 
carotid artery and internal jugular vein. 

Needle position: The needle should be inserted parallel to 
the transducer for optimal visualization, with simultaneous 
injection of local anesthetic. 

Safety considerations: Dysphagia is a significant side effect 
associated with SCM injection with botulinum toxin performed 
blind or by EMG guidance. Hong demonstrated that using 
EMG guidance alone resulted in a 34.7 % incidence rate, but 
when EMG guidance was used in conjunction with US guid- 
ance, the incidence of dysphagia was reduced to zero [37]. 
Pearls: 

• The SCM is quite superficial and the needle should be 
carefully advanced as to avoid injuring deep structures. 

• Use the color Doppler to identify and avoid injection into 
the carotid space. 



Fig. 8.6 (a) Example of coronal probe position over the SCM. (b) Example 
of in-plane coronal approach, white arrow indicates trajectory into sterno- 
cleidomastoid muscle, Doppler deep to SCM highlights carotid artery 

• If the taut band rolls under the needle, anchor the trigger point 
along its length with fingers or thumb to prevent rolling. 

• If a referred pain pattern and local twitch response were 
elicited prior to injection, then once the needle enters the 
trigger point, they should occur again. 
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• Postinjection it is important to have the patient actively 
stretch each muscle injected through its full range of motion. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 1-3 ml of local anesthetic 


Levator Scapulae (LS) 

The levator scapulae are a common source of myofascial 
pain with a referred pain pattern over the base of the neck 
[4] . The levator scapulae rotate the glenoid cavity inferiorly 
and elevate and retract the scapula [4, 31]. They attach to the 
transverse processes of the atlas and axis, and to the posterior 
tubercles of C3 and C4 [31]. The levator scapulae fibers 
descend and attach to the scapula at the superior medial bor- 
der. The LS is innervated by the dorsal scapular nerve and 
directly by the cervical nerve roots of C3 and C4. 

Scanning Techniques and Anatomy to Identify 

Orient the probe along the trapezius between the occiput and 
the superior angle of the scapula. Aim the probe anterior. 
From superficial to deep lie the subcutaneous tissue, the tra- 
pezius, and the levator scapulae. Deep (anterior) to the leva- 
tor scapulae are the scalenes superiorly and the posterior ribs 
of T1 through T3. Medial to the levator scapulae are splenius 
cervicis and splenius capitis (Fig. 8.7). 


Injection Technique: In-Plane Sagittal Approach 

Patient positioning: Patient should lay in the prone position. 

Probe positioning: Place the probe longitudinally over the 
levator scapula as described above in the scanning tech- 
niques (Fig. 8.8a). 

Markings: Use color Doppler to identify the superficial 
branch of the transverse cervical artery, which runs deep to 
the trapezius but superficial to the levator scapulae. Along 
with this artery runs the spinal accessory nerve (SAN). 

Needle position: The needle should be inserted parallel to 
the transducer for optimal needle visualization with simulta- 
neous injection of local anesthetic. 

Safety considerations: If injecting close to the insertion at 
the scapula, beware of lung apex. 

Pearls: 

• Identify the SAN which runs deep to the trap and superfi- 
cial to the levator scapulae to avoid injury. 

• If the taut band rolls under the needle, anchor the trigger 
point along its length with fingers or thumb to prevent 
rolling. 

• If a referred pain pattern and local twitch response were 
elicited prior to injection, then once the needle enters the 
trigger point, they should occur again. 

• Postinjection it is important to have the patient actively 
stretch each muscle injected through its full range of motion. 
Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 1-3 ml of local anesthetic 



Fig. 8.7 (a) Sagittal view of levator scapula, (b) Purple indicates trapezius, orange indicates levator scapula, black arrows with stops indicate rib, 
superomedial border scapula labeled 
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Fig. 8.8 (a) Example of sagittal probe position over the levator scapula, (b) Example of in-plane sagittal approach, white arrow indicates needle 
trajectory, black arrows with stops indicate rib, trapezius and superomedial border scapula labeled 


Rhomboids 

The rhomboid major and minor muscles run parallel to each 
other and descend from the upper thoracic vertebrae to the 
medial border of the scapula. Rhomboid minor is a small 
muscle that runs from the ligamentum nuchae and the spi- 
nous processes of C7 and T1 to the medial end of the spine 
of the scapula [31]. Rhomboid major is a larger sheetlike 
muscle that extends from the spinous processes and supra- 
spinatus ligaments of T2-T5 to the medial border of the 
scapula inferior to the spine of the scapula [31]. Both mus- 
cles are innervated by the dorsal scapular nerve. The rhom- 
boids refer pain to the medial border of the scapula and are 
activated by the constant stretch from protracted shoulders. 

Scanning Techniques and Anatomy to Identify 

With the ultrasound probe oriented transverse to the fibers of 
the rhomboid major (sagittal), the layers of tissue from 
superficial to deep are subcutaneous fat, trapezius muscle, 
rhomboid major, erector spinae muscles (medial), and ribs. 
Deep to the rhomboids and levator scapulae but superficial to 
the serratus posterior superior and erector spinae muscle run 
the dorsal scapular nerve and the deep branch of the trans- 
verse cervical artery (Dorsal scapular artery) along the 
medial border of the scapula. Turn the probe longitudinal to 
the rhomboids with the lateral edge of the ultrasound probe 
on the medial scapula to attain an axial view (Fig. 8.9). 


Injection Techniques: In-Plane Axial Approach 

Patient positioning: Patient seated or prone. 

Probe positioning: Place probe in the axial plane over the 
rhomboids (Fig. 8.10a). 

Markings: Use color Doppler to identify the dorsal scapu- 
lar artery. 

Needle position: The needle should be inserted parallel 
to the transducer from medial to lateral for optimal needle 
visualization with simultaneous injection of local 
anesthetic. 

Safety considerations: There is a risk of the following: 
prolonged bleeding, infection, allergic reaction, increased 
pain and decreased functional scores, and pneumothorax. 
Pearls: 

• Identify the ribs and underlying lungs prior to injection to 
help avoid placing the needle too deep. 

• If the taut band rolls under the needle, anchor the trigger point 
along its length with fingers or thumb to prevent rolling. 

• If a referred pain pattern and local twitch response were 
elicited prior to injection, then once the needle enters the 
trigger point, they should occur again. 

• Postinjection it is important to have the patient actively 
stretch each muscle injected through its full range of 
motion. 

Equipment needed: 

• High-frequency linear array transducer (10 MHz+) 

• 25 gauge, 1.5" needle 

• 1-3 ml of local anesthetic 
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Fig. 8.9 (a) Axial view of rhomboids, (b) Purple indicates trapezius, orange indicates rhomboids, IC indicates intercostal muscle, 
black arrows with stops indicate pleura, scapula labeled 



Fig. 8.10 (a) Example of axial probe position over rhomboids, (b) Example of in-plane axial approach, white arrow indicates needle trajectory 
into rhomboids, black arrows with stops indicate pleura, trapezius and scapula labeled 


References 

1. Simons DG, Travell JG. Myofascial origins of low back pain. Parts 
1, 2, 3. Postgrad Med. 1983;73:66-108. 

2. Travell J, Simons DG. Myofascial pain and dysfunction: the trigger 
point manual, vol. 1. Baltimore: Williams & Wilkins; 1983. 

3. Shah JP, Heimur J. New frontiers in the pathophysiology of myo- 
fascial pain. Pain Pract. 2012;22(2):26-33. 

4. Simons DG, Travell JG, Simons LS. Travell & Simons’ myofascial 
pain and dysfunction: the trigger point manual, vol. 1. 2nd ed. 
Baltimore: Williams & Wilkins; 1999. 

5. Hubbard DR, Berkoff GM. Myofascial trigger points show sponta- 
neous needle activity. Spine. 1993;18:1803-7. 

6. Simons DG, Hong CZ, Simons LS. Endplate potentials are com- 
mon to midhber myofascial trigger points. Am J Phys Med Rehabil. 
2002;81(3):212-22. 


7. Shah JP, Phillips TM, Danoff JV, Gerber LH. An in vivo micro- 
analytical technique for measuring the local biochemical milieu of 
human skeletal muscle. J Appl Physiol. 2005;99:1977-84. 

8. Shah JP, Danoff JV, Desai M, et al. Biochemicals associated with 
pain and inflammation are elevated in sites near to and remote from 
active myofascial trigger points. Arch Phys Med Rehabil. 
2008;89:16-23. 

9. Shah JP, Gilliams EA. Uncovering the biochemical milieu of myo- 
fascial trigger points using in-vivo microdialysis: an application of 
muscle pain concepts to myofascial pain syndrome. J Bodyw Mov 
Ther. 2008;12(4):371-84. 

10. Mense S. How do muscle lesions such as latent and active trigger 
points influence central nociceptive neurons? J Musculoskelet Pain. 
2010; 18(4):348— 53. 

11. Woolf CJ. Central sensitization: implications for the diagnosis and 
treatment of pain. Pain. 2011; 152(3 Suppl):S2-15. 




8 Trigger Point Injections 


99 


12. Niddam DM, Chan RC, Lee SH, Yeh TC, Hsieh JC. Central 
modulation of pain evoked from myofascial trigger point. Clin J 
Pain. 2007;23:440-8. 

13. McPartland JM. Travell trigger points: molecular and osteopathic 
perspectives. J Am Osteopath Assoc. 2004;104:244-9. 

14. Jones LH. Strain and counterstrain. Colorado Springs: The 
American Academy of Osteopathy; 1981. 

15. Kuchera WA, Kuchera ML. Foundations for osteopathic medicine. 
2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2003. 

16. Annaswamy TM, De Luigi AJ, O’Neill BJ, et al. Emerging con- 
cepts in the treatment of myofascial pain: a review of medications, 
modalities, and needle-based interventions. PM R. 2001;3:940-61. 

17. Lewit K. The needle effect in the relief of myofascial pain. Pain. 
1979;6(l):83-90. 

18. Hong CZ. Lidocaine injection versus dry needling to myofascial 
trigger point. The importance of the local twitch response. Am J 
Phys Med Rehabil. 1994;73(4):256-63. 

19. Kamanli A, Kaya A, Ardicoglu O, et al. Comparison of lidocaine 
injection, botulinum toxin injection, and dry needling to trigger points 
in myofascial pain syndrome. Rheumatol Int. 2005;25:604-11. 

20. Cummings TM, White AR. Needling therapies in the management 
of myofascial trigger point pain: a systematic review. Arch Phys 
Med Rehabil. 2001;82:986-92. 

21 . Ferrante FM, Bean L, Rothrock R, King L. Evidence against trigger 
point injection techniques for the treatment of cervicothoracic myo- 
fascial pain with botulinum toxin type A. Anesthesiology. 
2005;103:377-83. 

22. Graboski CL, Gray DS, Burnham RS. Botulinum toxin A vs bupi- 
vacaine trigger point injections for the treatment of myofascial pain 
syndrome: a randomized double blind crossover study. Pain. 
2005;118:170-5. 

23. Botwin KP, Sharma K, Saliba R, Patel BC. Ultrasound-guided trig- 
ger point injections in the cervicothoracic musculature: a new and 
unreported technique. Pain Physician. 2008;11:885-9. 

24. Rha D, Shin JC, Kim YK, Jung JH, Kim YU, Lee SC. Detecting 
local twitch responses of myofascial trigger points in the lower- 
back muscles using ultrasonography. Arch Phys Med Rehabil. 
2011;92:1576-80. 

25. Ballyns JJ, Shah JP, Hammond J, Gebreab T, Gerber LH, Sikdar S. 
Objective sonographic measures for characterizing myofascial 


trigger points associated with cervical pain. J Ultrasound Med. 
2011;30:1331-40. 

26. Sikdar S, Ortiz R, Gebreab T, Gerber LH, Shah JP. Understanding 
the vascular environment of myofascial trigger points using ultra- 
sonic imaging and computational modeling. Conf Proc IEEE Eng 
Med Biol Soc. 2010;2010:5302-5. 

27. Sikdar S, Shah JP, Gebreab T, Yen RH, Gilliams E, Danoff J, Gerber 
LH. Novel applications of ultrasound technology to visualize and 
characterize myofascial trigger points and surrounding soft tissue. 
Arch Phys Med Rehabil. 2009;90:1829-38. 

28. Shankar Hartharan H, Reddy S. Two- and three-dimensional ultra- 
sound imaging to facilitate detection and targeting of taut bands in 
myofascial pain syndrome. Pain Med. 2012;13:971-5. 

29. Gerwin RD, Duranleau D. Ultrasound identification of the myofas- 
cial trigger point [Letter]. Muscle Nerve. 1997;20(6):767-8. 

30. Niraj G, Collett B J, Bone M. Ultrasound-guided trigger point injection: 
first description of changes visible on ultrasound scanning in the mus- 
cle containing the trigger point. Br J Anaesth. 201 1;107(3):474-5. 

31. Standring S. Gray’s anatomy: the anatomical basis of clinical prac- 
tice. 40th ed. Edinburgh: Churchill-Livingstone, Elsevier; 2008. 

32. Kessler J, Gray AT. Course of the spinal accessory nerve relative to 
the brachial plexus. Reg Anesth Pain Med. 2007 ;32(2): 174-6. 

33. Torriani M, Gupta R, Donahue DM. Sonographically guided anes- 
thetic injection of anterior scalene muscle for investigation of neu- 
rogenic thoracic outlet syndrome. Skeletal Radiol. 2009 ;3 8: 
1083-7. 

34. Torriani M, Gupta R, Donahue DM. Botulinum toxin injection in 
neurogenic thoracic outlet syndrome: results and experience using 
a ultrasound-guided approach. Skeletal Radiol. 2010;39:973-80. 

35. Urmey WF, Talts KH, Sharrock NE. One hundred percent inci- 
dence of hemidiaphragmatic paresis associated with interscalene 
brachial plexus anesthesia as diagnosed by ultrasonography. Anesth 
Analg. 1991 ;72(4):498-503. 

36. Kessler J, Schafhalter-Zoppoth I, Gray AT. An ultrasound study of 
the phrenic nerve in the posterior cervical triangle: implications for 
the interscalene brachial plexus block. Reg Anesth Pain Med. 
2008;33(6):545-50. 

37. Hong JS, Sathe GG, Niyonkuru C, Munin MC. Elimination of dys- 
phagia using ultrasound guidance for botulinum toxin injections in 
cervical dystonia. Muscle Nerve. 2012;46:535-9. 


Neuromuscular/Chemodenervation 


9 


Sarah Khan, Emerald Lin, and Jonathan S. Kirschner 


Spasticity is a velocity-dependent increase in a muscle’s 
resistance to passive range of motion and is caused by the 
loss of supraspinal inhibition of the muscle stretch reflex. 
Spasticity can be both functionally useful and functionally 
detrimental. Therefore, how we manage and treat it can have 
a significant impact on the lives of patients with upper motor 
neuron disorders such as stroke, traumatic or anoxic brain 
injury, and spinal cord injury. Dystonia is a neurological 
movement disorder characterized by involuntary motor con- 
tractions resulting in abnormal posturing and twisting 
motions. Both spasticity and dystonia often result in major 
impairments with activities of daily living, ambulation, and 
independence while causing pain and discomfort. Severe 
cases of spasticity leave patients vulnerable to contractures 
and skin breakdown. 

Chemodenervation with botulinum toxin for focal spas- 
ticity and focal dystonia is an effective treatment for improv- 
ing functional independence. It is often used in conjunction 
with other agents and therapy, or after failed attempts with 
other treatments. Outcome measures must include active vs. 
passive function, and the physician must consider the patient 
and family’s expectations of function. Muscles must be 
selected to take advantage of functional spasticity, such as by 
avoiding antigravity muscles that should not be weakened. 

Botulinum toxin injections have commonly been per- 
formed with the use of electromyography (EMG) and electri- 
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cal stimulation (E-stim) to target specific muscles to improve 
accuracy. EMG guidance uses a needle electrode inserted 
into the muscle to record its electrical activity. Increased 
auditory feedback indicates increased motor unit firing of a 
spastic muscle. Electrical stimulation guidance utilizes elec- 
trical current through a needle probe inserted into the tar- 
geted muscle to cause it to contract. 

In recent years, the use of ultrasound for the imaging of 
musculoskeletal conditions has become more common. 
Ultrasound technology allows the physician to directly visu- 
alize and diagnose pathologic structures and take advantage 
of the dynamic ability of ultrasound to aid in accurately tar- 
geting interventional injection sites. Cadaver studies involv- 
ing ultrasound injections to joints and tendons have been 
shown to have greater accuracy compared to blind injection 
procedures [1-3]. 

The accuracy rates using anatomical landmarks and pal- 
pation are usually accurate for larger and more superficial 
muscles, but decline for deeper and smaller muscles [4, 5]. 
EMG guidance is the current gold standard for chemodener- 
vation injections. Ultrasound may prove to be beneficial as a 
supplemental modality for accurately targeting individual 
muscles or muscle regions for which EMG or E-stim guid- 
ance was used initially but was unsuccessful in achieving 
optimal results. Ultrasound-guided chemodenervation injec- 
tions may be valuable for targeting deeper muscles, such as 
the tibialis posterior; muscles that are difficult to target using 
anatomical landmarks, such as the individual muscle bellies 
of the flexor digitorum superficialis (FDS); or muscles that 
are near vital vascular structures, such as those targeted for 
cervical dystonia. Furthermore, patients with spasticity or 
those who are postsurgical tend to have a different anatomy 
than the “normal” patient. Another potential novel use for 
ultrasound in chemodenervation is the identification and 
injection of muscle regions that are not typically injected 
with EMG or E-stim alone given the difficulty and risk of the 
injection without visual guidance, such as using an anterior 
approach to inject the tibialis posterior and a dorsal approach 
to inject the iliopsoas muscle. 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-l-4614-8936-8_9, © Springer Science+Business Media, LLC 2014 
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Table 9.1 Common spasticity patterns [6] 


Pattern 

Etiology 

Flexor synergy with hemiparesis 

CVA, traumatic or nontraumatic 
brain injury, cerebral palsy 

Crouch gait 

Cerebral palsy 

Torticollis 

Prematurity, cervical dystonia 

Scissoring gait 

Cerebral palsy 


Prior to initiating treatment with botulinum toxin, it is 
important to take a thorough history to determine the most 
appropriate treatment, beginning with the diagnosis causing 
the patient’s spasticity, severity of symptoms, and what treat- 
ments have been tried thus far. It is also important to discuss 
with the patient and family, as appropriate, their functional 
goals, expectations, and ability to adhere to treatments. A 
complete physical exam assessing joint range of motion and 
clinical assessment of tone using an assessment tool such as 
the Modified Ashworth Scale or Tardieu Scale is important 
to document at every exam to assess the efficacy of treat- 
ment. It is important to assess static tone (at rest) and dynamic 
tone, as well as examine the patient’s gait and transfers. 
Table 9.1 shows common spasticity patterns that may be 
observed in patients. 

A comprehensive approach considering treatment options 
including stretching, ROM, splinting, orthotics, medications, 
chemodenervation injections, chemoneurolysis, intrathecal 
baclofen, and surgical correction should be taken. A thor- 
ough assessment of spasticity is necessary to determine the 
best treatment combination that fits the patient’s needs and 
goals. Spasticity due to spinal cord injury and multiple scle- 
rosis tends to be more generalized, and therefore oral medi- 
cations and intrathecal baclofen are usually the best treatment 
options combined with a therapy program. For patients with 
focal spasticity resulting from stroke or traumatic brain 
injury, botulinum toxin injections or chemoneurolysis proce- 
dures tend to be the treatment of choice, combined with ther- 
apy. Oral medications may be helpful but often are limited 
due to cognitive side effects. For more severe spasticity, 
intrathecal baclofen therapy may be more effective. 

If chemodenervation with botulinum toxin is used for 
treatment, it is important to make sure the patient has not had 
botulinum toxin injections to other muscle sites within the 
past 3 months to avoid the risk of antibody formation. 
Patients that have developed antibodies to botulinum toxin A 
may be treated with botulinum toxin B. Risks and benefits of 
the procedure should be thoroughly discussed with the 
patient and/or caregiver as well as realistic goals for treat- 
ment. It is imperative to consider the patient’s functional 
goals when prescribing botulinum toxin. The effect of the 
toxin injection is to decrease spastic tone to improve pain or 
improve range of motion to allow for proper hygiene or to 
improve function. It is important to explain to the patient 
and caregivers that botulinum toxin does not increase 


strength as a result of the toxin itself. Decreasing the patient’s 
spasticity may secondarily improve the patient’s voluntary 
control over movement in antagonistic muscles (for patients 
that have or are recovering voluntary muscle control) as this 
would reduce or eliminate the barrier that spasticity imposes 
on voluntary movement. The physician should also be aware 
that the patient may have functional benefit as a result of 
their tone (e.g., stability in ambulation or when dressing) and 
that weakening certain muscles with botulinum toxin would 
result in a loss of function for the patient. 

Botulinum toxin A and botulinum toxin B are used clini- 
cally for treatment of spasticity. There are three different for- 
mulations of botulinum toxin A available in the USA. They 
include onabotulinumtoxin A (Botox), abobotulinumtoxin A 
(Dy sport), and incobotulinumtoxin A (Xeomin). Botulinum 
toxin B is known as rimabotulinumtoxin B (Myobloc). 
Table 9.2 includes details regarding the ingredients, mecha- 
nism of action, FDA and off-label indications and side effects 
of each of these botulinum toxin formulations. There is a lack 
of standardization of botulinum dosage between these agents, 
and the concentration of injections to different muscles often 
varies. When initiating treatment, start at the lowest dose and 
titrate up to minimize adverse reactions (see Table 9.2). 

Onabotulinum toxin A is the oldest formulation and most 
commonly used by practitioners. Table 10.3 shows muscles 
commonly treated with Onabotulinum toxin A and typical 
dosages used for injection into specific muscles. Do not 
exceed 400 units of botulinum toxin A at an initial treatment 
session and do not inject greater than 50 units per injection 
site [10]. For children, the maximum recommended dosage 
per treatment session is 12 units/kg or 400 units, whichever is 
lowest [11]. FDA approval for botulinum toxin is limited to 
five muscles for upper extremity spasticity in adults: the 
biceps brachii, flexor carpi radialis (FCR), flexor carpi ulnaris 
(FCU), flexor digitorum sublimis (FDS), and flexor digitorum 
profundus (FDP). Use in other muscles and use for pediatric 
patients remain off-label at this time, but is commonly used 
by many practitioners (see Table 9.3). 


Forearm Flexor Spasticity: Clenched Fist/ 
Thumb in Palm 

Commonly targeted forearm muscles for upper extremity 
spasticity are wrist flexors, finger flexors, and pronators. The 
wrist flexors include the flexor carpi radialis and flexor carpi 
ulnaris. The finger flexors include the flexor digitorum super- 
ficialis which flexes the proximal interphalanges and the 
flexor digitorum profundus, which flexes the distal interpha- 
langes. The flexor pollicis longus flexes the interphalangeal 
joint of the thumb. Pronator teres and pronator quadratus are 
responsible for forearm pronation. 

Henzel et al. compared the ultrasound localization of 
forearm flexor muscles to anatomical landmarks described 
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Table 9.2 Chemodenervation agents [7] 


Botulinum toxin A 



Botulinum toxin B 


Botox 

Xeomin 

Dysport 



Onabotulinumtoxin A 

Incobotulinumtoxin A 

Abobotulinumtoxin A 

Rimabotulinumtoxin B 

Derivative/ 

Neurotoxin from Clostridium 

Neurotoxin from 

Neuro toxin from 

Neurotoxin from Clostridium 

ingredients 

botulinum, human albumin 

Clostridium botulinum 

Clostridium 

botulinum, contains human 




botulinum 

albumin 

Mechanism of 

Prevents ACh release from 

Prevents ACh release from 

Prevents ACh 

Prevents ACh release from 

action 

presynaptic membrane — SNAP 25 

presynaptic membrane — 

release from 

presynaptic membrane — VAMP/ 


“Rule of 3s” — 3 days to begin to 
see effect, 3 weeks to see maximal 

SNAP 25 

presynaptic 
membrane — SNAP 

synaptobrevin 


effects, 3 months to wear off (these 
are generalized) 


25 


FDA indications 

Cervical dystonia, blepharospasm, 

Cervical dystonia, 

Cervical dystonia 

Cervical dystonia 


overactive bladder 

blepharospasm 




UE spasticity in Biceps, FCR, 

FCU, FDS, FDP 




Off-label use 

Spasticity from stroke, MS, 

Spasticity from stroke, MS, 

Spasticity from 

Spasticity associated with cerebral 


Parkinson’s disease, CP, SCI, TBI 

TBI, CP, SCI, headache 

stroke, TBI, CP, 

palsy, chronic anal fissure 


Focal dystonias 


MS, SCI 

Sialorrhea associated with AFS 
or Parkinson’s disease 

Additional 


Made without binding 



benefits 


proteins, theoretically 
decreasing the formation of 
antibodies, formation of 
which theoretically 
decreases therapeutic 
response [8] 

Does not need refrigeration 
until reconstitution — good 
in severe weather 
conditions/blackouts 



Side effect/pitfalls 

All botulinum toxin type A has 

Same 

Same 

Headache, dry mouth, dysphagia, 


similar side effect profiles, 
including the following: weakness, 
flu-like syndrome 



dyspepsia, injection site pain, 
flu-like symptoms 


Botulism: 



Peripheral motor neuropathic 
diseases (e.g., AFS, motor 
neuropathy) 


Foss of strength and muscle 
weakness all over the body 



Neuromuscular junctional 
disorders (e.g., myasthenia 


i.e. distal spread 



gravis, Fambert-Eaton syndrome) 


Double vision 



Increased risk for severe 
dysphagia and respiratory 
compromise in pts. with 
neuromuscular disorders 


Blurred vision and drooping 
eyelids 



Risk of respiratory compromise 
and death esp. in children treated 


Hoarseness or change or loss of 
voice 

Trouble saying words clearly 
Foss of bladder control 

Trouble breathing 

Trouble swallowing/dysphagia 



off-label for cerebral palsy- 
associated spasticity 


Symptoms can happen hours to 
weeks after an injection 

Collateral sprouting at 

3 months decreased effect 
Possible formation of antibodies 
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Table 9.2 (continued) 

Botulinum toxin A 



Botulinum toxin B 

Botox 

Xeomin 

Dysport 


Onabotulinumtoxin A 

Incobotulinumtoxin A 

Abobotulinumtoxin A 

Rimabotulinumtoxin B 

Dosage Maximal initial dose: 400 units 

For cervical dystonia: 120 

Recommended 

Prior botulinum toxin injection: 

dosage is made to be 1 : 1 to Botox 

units per treatment session 

initial dose: 500 

2,500-5,000 units IM, divided 



units, for both 
toxin-naive and 
previously treated 
patients 

among affected muscles 

In children, weight based: 

Median doses injected 

Dose modifications 

Naive: Administer lower dose for 


during double-blind phase 

in 250-unit 

initial treatment 


3 study: 

increments 


12 units/kg 

SCM — 25 units 

Initial dose by 
muscle (median): 



Splenius capitis/ 
semispinalis capitis — 48 
units 

SCM— 125 



Trapezius — 25 units 

Splenius 
capitis — 200 



Levator scapulae — 25 units 

Trapezius — 103 



Scalenus (medius and 

Levator 



anterior) — 20 units [9] 

scapulae — 105 
Scalenus (medius 
and anterior) — 1 16 



Semispinalis 
capitis — 132 
Longissimus — 150 


by Delagi for the flexor carpi radialis, pronator teres, and 
flexor pollicis longus, and the landmark mapping technique 
for the flexor digitorum superficialis developed by Bickerton 
[11, 13]. This study showed that ultrasound localization of 
the muscle bellies of certain forearm muscles, in particular 
the pronator teres, the flexor pollicis longus, the flexor carpi 
radialis, and the flexor digitorum superficialis to the 3rd or 
ring finger, was distinctly different from the points localized 
via surface landmarks or mapping. In a study by Munin, the 
mapping technique for the flexor digitorum superficialis 
muscle described by Bickerton was demonstrated to be fea- 
sible and effective to accurately target this muscle’s individ- 
ual muscle bellies [14]. The mapping technique is time 
intensive, however taking 10 min in this study. The use of 
ultrasound would allow the identification of the muscle 
within several seconds to a few minutes, depending on the 
operator’s experience. Also, limitation in limb range of 
motion and positioning, as well as muscle atrophy and fibro- 
sis, may interfere with anatomical mapping. Ultrasound 
identification of target muscles would likely be beneficial in 
these situations (Table 9.4). 

Scanning Technique and Anatomy to Identify 

Position the arm in external rotation with forearm supi- 
nated. If this position is not possible due to spasticity, 


abduct and internally rotate the arm and pronate as much 
as possible. Begin scanning over the medial epicondyle in 
the longitudinal plane where the flexor tendon attach- 
ments will be identified. The transducer can then be 
rotated 90° into the transverse (axial) plane. Move the 
probe distally to the proximal third of the forearm where 
the pronator teres, flexor carpi radialis, and flexor digito- 
rum profundus can be visualized. The pronator teres is the 
most lateral (radial) muscle, and the flexor carpi radialis 
and the palmaris longus are just medial to this muscle in 
the superficial compartment. In this same transverse view, 
the flexor digitorum profundus is visualized deep to these 
muscles. Moving the transducer more medial (ulnar) and 
slightly more distal, the flexor carpi ulnaris is identified 
along the medial ulna. The flexor digitorum superficialis 
(FDS) 2 and 3 are scanned at the midpoint of the forearm, 
and the bellies of the FDS 4 and 5 are visualized as the 
transducer is moved more medial. The flexor pollicis lon- 
gus muscle is seen just lateral and superficial to the FDS 2 
and 3 (Fig. 9.1). 

Injection Techniques: In-Plane Axial Approach 

Patient positioning: Seated comfortably and placed in a posi- 
tion with the forearm extended and supinated, preferably on 
a flat surface, with access to the anterior forearm. 
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Table 9.3 Spasticity testing and suggested dosing [7, 12] 







Botox (units) (suggested 
dosage for normal size 

Dy sport (units) (suggested 

Spastic clinical pattern 

Muscles involved 

Range of motion testing 

adult) 

dosage for adult) 

Hip flexion 

Iliopsoas 

Thomas test: positive if 
cannot keep opposite leg 
extended 

Iliacus: 50-100 

Iliacus: 200-400 

Crouched gait 

Rectus femoris 

Hip extension ROM 

Psoas: 50-150 

Rectus femoris: 75-150 


Adducted hip 

Hip adductors: adductor brevis, 

Hip abduction normal 

Adductor brevis: 

Adductor longus: 


adductor longus, adductor magnus 

ROM 40° from midline 

50-100 

500-750 

Scissoring gait 

gracilis (knee flexion and hip 
adduction) 


Adductor longus: 

50-100 

Adductor 
magnus: 5 0-1 00 

Gracilis: 50-100 

Adductor magnus: 

500-750 

Knee flexion 

Medial hamstrings: 
semimembranosus, semitendinosus 
Lateral hamstrings: biceps femoris 

Popliteal angle or supine 
knee extension 

Medial: 50-150 

Lateral: 50-200 

Medial: 150-400 

Lateral: 150-400 

Extended or stiff knee 

Quadriceps: rectus femoris, vastus 

Ely’s test: positive if 

Rectus femoris: 75-200 

Vastus lateralis: 150 


lateralis, vastus medialis, vastus 
intermedius 

unable to flex heel to 
buttock, hip rises in prone 
position 

Vasti: 25-50 each 

Vastus medialis: 150 

Equinovarus foot 

Medial and lateral gastrocnemius, 
soleus, tibialis posterior 

Gastrocnemius: ankle 
dorsiflexion with knee 
extended 

Soleus: ankle dorsiflexion 
with knee flexed 

Tibialis posterior: ankle 
eversion 

Gastrocnemius: 

Medial: 25-75 

Lateral: 25-75 

Soleus: 50-200 

Tibialis posterior: 

25-150 

Medial: 150-400 

Lateral: 150-400 

Toe curling 

Flexor digitorum longus or brevis 

Toe extension 

50 

100 

Adducted/internally 

Pectoralis major 

Shoulder abduction 

PM: 60-140 

PM: 150-300 

rotated shoulder 

Latissimus dorsi 

Teres major 

Subscapularis 

Shoulder external rotation 

LD: 80-160 

TM: 25-50 

SS: 25-50 

LD: 150-300 

TM: 100 

SS: 100-150 

Flexed elbow 

Brachioradialis 

Elbow extension ROM 

Brachioradialis: 40-80 

Brachioradialis: 

100-150 


Brachialis 

BR: elbow flexion in 
neutral position 

Brachialis: 30-60 

Brachialis: 150-200 


Biceps 

Brach: elbow flexion in 
pronated position 

Biceps: 60-120 

Biceps: 200-300 


Pronator teres: proximal portion 

Bic: elbow flexion in 
supinated position 

Pronator teres: 25-50 

Pronator teres: 100-200 

Pronated forearm 

Pronator teres 

Pronator quadratus 

Forearm supination ROM 

Pronator teres: 25-50 
Pronator quadratus: 

20-40 

Pronator teres: 100-200 
Pronator quadratus: 
100-200 

Flexed wrist 

Flexor carpi radialis 

Flexor carpi ulnaris 

Extrinsic finger flexors 

Wrist extension ROM 

FCR: 40-70 

FCU: 20-40 

Ext FF: 40-80 

FCR: 100-200 

FCU: 100-150 

Ext FF: 100-150 

Clenched fist 

Flexor digitorum superficialis 

FDS: Proximal 
interphalangeal extension 

FDS: 20-80 

FDS: 100-200 


Flexor digitorum profundus 

FDP: Distal 

interphalangeal extension 

FDS: 20-80 

FDP: 100-200 

Thumb in palm 

Flexor pollicis longus 

Flexor pollicis brevis 

Adductor pollicis 

Thumb extension 

FPL: 20-30 

FPB: 10-20 

AP: 10-20 

FPL: 100-150 

FPB: 50-100 

AP: 50-100 
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Probe positioning: Place the transducer on the anterior 
forearm in the axial plane over the largest area of the muscle 
belly (Fig. 9.2a). 

Markings: Identify the brachial artery and median or 
ulnar nerves. 

Needle position: Insert the needle adjacent to the probe 
from either the medial or lateral side, depending on the mus- 
cles of interest. Inserting the needle along the rounded sides 
of the forearm maintains the ability to stay parallel to the 
transducer for optimal visualization. 

Safety considerations: Utilize Doppler to avoid injury to 
the radial or ulnar artery/vein. Avoid the median or ulnar 
nerve (see elbow chapter for locations of these nerves). 
Pearls: 

• Isolate the individual components of the FDS or FDP by 
flexing at the PIP or DIP of the desired finger. 

• May consider applying topical lidocaine cream or cold 
vaporant spray to injection site prior to procedure. 

• If you use a longer needle, you can redirect to the differ- 
ent targets without having to repuncture the skin. 
Equipment needed: 

• Linear array transducer with a frequency (10+ MHz) 

Table 9.4 Muscles targeted for clenched fist/thumb in palm 

Pronator teres 
Flexor carpi radialis 
Flexor carpi ulnaris 
Palmaris longus 
Flexor digitorum profundus 
Flexor digitorum superficialis 
Flexor pollicis longus 


• Preparation of botulinum toxin 

• 24+ gauge, Teflon-coated, injectable EMG/stimulator 
needle, 2.5"-3" 

• EMG or nerve stimulator for additional guidance 


Iliopsoas Spasticity: Crouched Gait 

The iliopsoas muscle is the primary hip flexor. It originates 
from the lateral vertebral bodies of T12 to L5 and inserts on 
the lesser trochanter of the femur. Spasticity of this muscle 
typically presents as hip and knee flexion, and internal rota- 
tion and adduction of the hip, known as “crouched gait.” 

Two techniques for ultrasound-guided injections of the ilio- 
psoas muscle have been described. The first technique described 
uses an anterolateral approach angled 45° medially from the 
anterior superior iliac spine and swept through a 30° arc proxi- 
mally and medially [15]. This approach carries a high risk of 
perforation of the bowel, external iliac vasculature, ureters, and 
femoral nerve compared to alternative approaches. This 
approach also appears to be more challenging and have more 
risk of perforation in larger adults compared to the pediatric 
population in this study. Westhoff describes the injection of the 
muscle via an anterior approach under the ilioinguinal ligament 
[ 1 6] . All 1 3 pediatric patients were noted to experience improve- 
ment in tone or range of motion, and no complications from the 
procedure were observed. However, this approach delivers bot- 
ulinum toxin primarily to the iliacus portion of the iliopsoas, 
and not the psoas muscle. The anterior approach to the iliopsoas 
muscle using EMG localization is typically accurate, and the 
use of ultrasound does not confer additional benefit. 



Fig. 9.1 (a) Transverse (axial) view of the anterior forearm, (b) Green orange indicates flexor digitorum profundus, yellow indicates radial 

indicates brachioradialis, purple indicates flexor carpi radialis, teal nerve, arrow with stop indicates radial artery 

indicates pronator teres, magenta indicates flexor pollicis longus, 
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Fig. 9.2 (a) Example of axial probe position over proximal anterior 
forearm, (b) Arrowhead indicates needle tip in flexor carpi ulnaris, 
arrow indicates needle, bracket indicates needle reverberation, radius 
and ulna labeled, FCR flexor carpi radialis, FDS flexor digitorum super- 

When reviewing studies on motor end plate locations, the 
anterior injection approach to the iliopsoas delivers botuli- 
num toxin into a region of the muscle distal to the primary 
motor end plate zone. Van Campenhout found that the proxi- 
mal and distal limits of the motor end plate zone for the 
psoas muscle were located 30-70 % of the distance between 
the twelfth thoracic vertebrae and the inguinal ligament [17, 
18]. Therefore, the dorsal approach is suggested to be an 
effective injection approach to deliver the botulinum toxin 
close to the primary motor end plates. 

Ward described a blind technique using a dorsal approach to 
target the psoas by inserting the needle through the erector spi- 
nae at L2, L3, and L4 with a slight lateral approach to move just 
past the lateral border of the transverse processes. The needle is 
then advanced 1-1.5 cm to reach the psoas muscle [19]. The 
concern with a blind or EMG-guided technique using this 
approach is that there is little certainty that the needle has been 


ficialis, FCU flexor carpi ulnaris, FDP flexor digitorum profundus, (c) 
White arrowhead indicates needle tip in FDP, white arrow indicates 
needle, black arrowhead indicates ulnar nerve 


inserted the correct depth to assure its placement in the psoas 
muscle. In order for a safe injection via the dorsal approach, 
visual guidance with ultrasound combined with auditory guid- 
ance from EMG is preferred. Takai found ultrasound to be reli- 
able for determining the thickness and the cross-sectional area 
of the psoas muscle using a dorsal approach [20]. 

Spinner, Khan, and Kirschner recently demonstrated that 
ultrasound guidance combined with EMG guidance to inject 
the psoas muscle via a dorsal approach is feasible (in publica- 
tion). In this approach, the psoas muscle is visualized in cross 
section adjacent to the L3 vertebra, and an in-plane technique 
is used to guide the needle into the muscle. The accuracy was 
confirmed by EMG. The combined ultrasound and EMG- 
guided dorsal approach to chemodenervation of the psoas 
muscle may prove useful as an alternative for the treatment of 
hip flexion spasticity for patients in which the traditional ante- 
rior approach to the injection has shown suboptimal results. 
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Fig. 9.3 (a) Axial view over sacrum, (b) Orange dashed line outlining 
hyperechoic bony cortex of sacrum, (c) Axial view over L5 vertebra, 
(d) Orange dashed line outlining bony anatomy of L5 vertebra, SP 

Scanning Techniques and Anatomy to Identify 

The psoas muscle originates off the transverse processes of 
T12-L5. Begin scanning in an axial plane over the top of the 
sacrum where you will identify the hyperechoic dorsal bony 
surface. Slowly scan in this same plane cephalad until you 
identify a hypoechoic break between the sacrum and L5 spi- 
nous process. Slightly cephalad is the bony spinous process of 
L5. Continue scanning cephalad while counting levels until 
you reach L3. At this location, follow the hyperechoic bone 
down the laminae to the facet joints and then continue laterally 
until the hyperechoic tips of the transverse processes are seen 
(triple crown sign). The psoas muscle can be visualized in 
cross section laterally off of the transverse process (Fig. 9.3). 

Injection Technique: Dorsal In-Plane Axial 
Approach 

Patient positioning: Position prone or in the lateral recum- 
bent position if hip flexion contracture or spasticity does not 
allow for prone lying. 


spinous process, ZJ zygapophyseal joint, TP transverse process, para- 
spinal muscle labeled 


Probe positioning: Place the transducer in the axial plane 
at the level of L3 centered over the psoas muscle belly 
(Fig. 9.4a). 

Markings: Mark the spinal levels. 

Needle position: Insert the needle in-plane from medial to 
lateral. 

Safety considerations: Avoid the kidney by not injecting 
from the LI to L2 level. Avoid bowel puncture by measuring 
depth and keeping the needle visualized throughout the 
entire course. 

Pearls: 

• Passive ranging of the hip may be used to help identify 
the psoas muscle. 

• The depth of the psoas can be measured prior to injection 
and correlated with the needle selection to help prevent 
passing the needle too deep. 

Equipment needed: 

• Curvilinear or linear array transducer with a frequency 
between 8 and 3 MHz 

• 24+ gauge, Teflon-coated, injectable EMG/stimulator 
needle, 2.5"-3" 

• EMG or nerve stimulator for additional guidance 
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Fig. 9.4 (a) Example of axial probe position over L3 vertebra, (b) Example of in-plane axial approach, white arrow indicates needle trajectory, 
TP transverse process, ES erector spinae 


Tibialis Posterior Spasticity: Ankle Inversion 
or Equinovarus 

The tibialis posterior originates from the interosseus mem- 
brane, proximal tibia, and fibula, and inserts on the navicular, 
cuneiform, cuboid, and second to fourth metatarsal bones of 
the foot. Activation of this muscle causes plantar flexion and 
inversion of the foot. Spasticity of the tibialis posterior muscle 
may result in an equinovarus deformity. Its location deep in 
the posterior lower leg makes this a more challenging muscle 
to target for electrodiagnosis and chemodenervation injec- 
tions. The accuracy of using anatomical landmarks and palpa- 
tion to target this muscle has been shown to be about 1 1 % [5]. 

Two techniques have been described for a tibialis posterior 
injection. For the posterior-medial approach is, the practitio- 
ner inserts the needle just posterior to the medial tibia at the 
midpoint of the lower leg, about halfway between the tibial 
tuberosity and the medial malleolus. Using ultrasound, Won 
et al. [21] assessed the safety window and depth for EMG 
needle insertion into the tibialis posterior muscle using a pos- 
terior-medial approach into the upper 1/3 distal border com- 
pared to the midpoint of the distance between the tibial 
tubercle and the bimalleolar line. The safety window was 
defined as the distance between the tibia and neurovascular 
bundle, and the depth was defined as the distance between the 
skin and tibialis posterior muscle. Compression of the medial 
calf was used to decrease the depth necessary to reach the 
desired muscle. The safety window was significantly greater 
at the midpoint compared to the upper 1/3 (1.47 cm vs. 
1.16 cm, respectively), and the depth was significantly less at 
the midpoint in relation to the upper 1/3 (2.31 cm vs. 2.52 cm, 
respectively). Needle insertion in the posterior-medial 
approach is medial to the tibia and the neurovascular bundle 
(which is located just posterior to the tibialis posterior mus- 
cle). The needle is inserted through the medial gastrocnemius 


and flexor digitorum longus to reach the tibialis posterior. 
Compression widens the flexor digitorum longus and dis- 
places the neurovascular border laterally, improving the safety 
window and decreasing needle depth. An anatomical study of 
cadavers performed by Oddy et al. determined that the motor 
point of the tibialis posterior is located in an area 22 % of the 
distance of a reference line from the fibular head and proximal 
medial tibia to the intermalleolar line [22]. Therefore, che- 
modenervation to the distal limit of the upper 1/3 of the tibialis 
posterior may theoretically provide better results due to prox- 
imity to the motor points. 

The anterior approach between the tibia and fibula tra- 
verses through the tibialis anterior muscle and the interosse- 
ous membrane to reach the tibialis posterior muscle in the 
upper 1/3 segment, with the tibial neurovascular bundle 
located lateral to the targeted muscle. The safety window in 
the posterior-medial approach with compression is greater, 
and the depth is less than the anterior approach. Studies 
involving MRI and ultrasound of the tibialis posterior exam- 
ining the posterior and anterior approach have shown that the 
safety window for needle insertion is greatest using an ante- 
rior approach in the proximal 1/3 of the tibia [23, 24]. 

Scanning Technique and Anatomy to Identify 

Posterior-Medial Approach: Position the patient prone with 
the ankle off the end of the examining table. Begin scanning 
transversely with ultrasound probe at the midpoint of the 
lower leg, about halfway between the tibial tuberosity and 
the medial malleolus. The tibialis posterior muscle lays deep 
to the gastrocnemius and flexor digitorum longus muscles. 
Try to identify the posterior tibial artery, vein, and tibial 
nerve located lateral and just superficial to the tibialis poste- 
rior muscle. 
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Fig. 9.5 (a) Posterior transverse (axial) view of tibialis posterior mus- 
cle. (b) Purple indicates tibialis posterior, orange indicates flexor digi- 
torum longus, arrow with stop indicates posterior tibial artery, soleus, 
gastrocnemius, fibula, and tibia labeled, (c) Anterior transverse (axial) 

Anterior Approach: Position the patient supine. Place the 
ultrasound probe axially along the proximal 1/3 of the ante- 
rior lower leg between the tibia and fibula. The tibialis poste- 
rior muscle lies deep to the interosseous membrane and the 
more superficial tibialis anterior muscle. Try to identify the 
anterior tibial artery and vein and deep fibular nerve, which 
lay medial to the fibula and along the lateral border of the 
interosseous membrane (Fig. 9.5). 

Injection Techniques: Posteromedial In-Plane 
Axial Approach 

Patient positioning: Prone with lower extremities in neutral 
position and the ankles extended over the end of table. 

Probe positioning: Place the transducer transversely along 
the medial calf at the approximate midpoint of the distance 
from the tibial tubercle and the malleoli. Apply compression 


view of tibialis posterior muscle, (d) Yellow indicates deep fibular 
(peroneal) nerve, green dashed line indicates interosseous membrane, 
anterior compartment, tibialis posterior, tibia, and fibula labeled 


to increase the safety window (causing widening of the flexor 
digitorum longus resulting in lateral displacement of the 
neurovascular bundle) (Fig. 9.6a). 

Markings: Identify the neurovascular bundle, consisting 
of the posterior tibial artery, vein, and tibial nerve, located 
lateral and just superficial to the tibialis posterior muscle. 
The tibia is located medially and the fibula deep to the tibia- 
lis posterior. 

Needle position: Insert the needle from medial to lateral 
in-plane with the probe traversing through the medial gas- 
trocnemius and flexor digitorum longus. 

Safety considerations: Utilize Doppler to identify the 
tibial artery and vein. Compression with the probe will help 
displace the neurovascular bundle to increase the safety 
window. 

Pearls: 

• Passive ankle inversion may be used to help identify the 
tibialis posterior muscle. 
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Fig. 9.6 (a) Example of axial 
probe position over dorsal calf, 
(b) Example of in-plane axial 
approach, white arrow indicates 
needle, arrowhead indicates 
needle tip, brackets indicate 
reverberation, gastrocnemius, 
soleus, tibia, and fibula labeled 




Fig. 9.7 (a) Example of axial probe position over anterior compartment lower leg. (b) White arrows indicate needle, white arrowhead indicates 
needle tip, black arrow indicates anechoic injectate filling tibialis posterior, anterior compartment, tibialis posterior, tibia, and fibula labeled 


Injection Techniques: Anterior In-Plane Axial 
Approach 

Patient positioning: Supine with the affected lower extremity 
in slight internal rotation. 

Probe positioning: Place the transducer along the anterior 
leg in the axial plane lateral to the tibia at the approximate 
border of the proximal 1/3 and middle 1/3 of the distance 
from the tibial tubercle to the malleoli (Fig. 9.7a). 

Markings: Identify the interosseous membrane between 
the tibia and fibula. The tibialis posterior lies deep to the 
interosseous membrane. The anterior tibial neurovascular 
bundle is found lateral and just superficial. 

Needle position: Insert the needle lateral to the tibia, in- 
plane, through the anterior tibialis muscle and interosseous 
membrane. 

Safety considerations: Avoid the neurovascular bundle, 
consisting of the anterior tibial artery and vein and deep fibu- 
lar nerve, which lie medial to the fibula along the lateral bor- 


der of the interosseous membrane. Utilize Doppler to identify 

the anterior tibial artery and vein. 

Pearls: 

• Given the depth of the injection, the needle tip will not be 
visualized as it traverses through the deep portion of the 
tibialis anterior and through the interosseus membrane to 
the tibialis posterior. 

• The deflection of the interosseus membrane on the ultra- 
sound screen will indicate the needle is traversing through 
this area. 

• An EMG needle may be used to provide auditory feedback 
indicating its position in the tibialis posterior muscle after 
the needle pierces through the interosseus membrane. 

• The anterior approach is useful if you want to minimize 
number of needle “sticks” for the patient who also needs 
a tibialis anterior injection. 

Equipment needed: 

• Linear array transducer with a frequency 8+ MHz 

• Preparation of botulinum toxin 
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• 24+ gauge, Teflon-coated, injectable EMG/stimulator 
needle, 2.5 "-3" 

• EMG or nerve stimulator for additional guidance 


Cervical Dystonia: Abnormal Neck Posture 

Idiopathic cervical dystonia (CD) is a commonly occurring 
adult-onset focal dystonia characterized by abnormal neck 
posture, neck pain, and muscle hypertrophy. Botulinum 
toxin is the first-line treatment for this condition and is 
known to provide sufficient relief of symptoms in more than 
85 % of patients [25]. A good response relies on proper 
selection of muscles and appropriate medication dosages. 
Traditionally, injections are guided by palpation or EMG 
guidance. However, these methods are not foolproof, espe- 
cially for deeply located muscles. Both botulinum toxin A 
(Botox, Disport, Xeomin) and B (Neurobloc, Myobloc) are 
deemed safe and effective treatment for cervical dystonia. 

The most common types of CD are torticollis (head 
turned) and laterocollis (head and neck tilt). Other types 
include retrocollis (head and neck extension), anterocollis 
(head and neck flexion), or a combination of these types. 
Many studies have attempted to classify patterns by analy- 
sis of muscles involved and usually rely on the Tsui score 
or the Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS) [26]. For example, Hefter et al. selected one of 
12 injection protocols they created based on a combination 
of the following: the presence or absence of shoulder eleva- 
tion, tremor, sternocleidomastoid muscle hypertrophy 
(graded), and contralateral or ipsilateral movement direc- 
tion [27]. Their muscles of choice to inject included the 
following: sternocleidomastoid (SCM), levator scapula 
and/or scalenes, and splenius capitis and/or trapezius and/ 
or semispinalis. Lee et al. selected 14 patients with idio- 
pathic CD and used ultrasound and PET/CT to select mus- 
cles for botulinum injection. They then used EMG to guide 
their injections, except for eight patients with muscles that 
extended beyond the reach of the EMG needle. For the 
remaining muscles, sonographic guidance was performed 
in six patients by a musculoskeletal radiologist. In another 
study using CT guidance, 13 botulinum injections were 
performed into specifically chosen muscles of eight 
patients. The most common site was the obliquus capitis 
inferior muscle, followed by the longus colli muscles. 
Other muscles included the obliquus capitis superior, sca- 
lenes anterior, scalenes posterior, and levator scapulae. All 
injections were deemed successful with a decrease in pain 
and improvement in neck movement, whether by ultra- 
sound guidance or CT guidance [28] (see Tables 9.5, 9.6, 
and 9.7). 


Table 9.5 Cervical Dystonia Rating Systems 

Toronto Western Spasmodic 
Tsui score [26] Torticollis Rating Scale [29] 

I. Torticollis Severity Scale 

A. Maximal excursion 

1. Rotation (turn: right or 
left) 

2. Laterocollis (tilt: right 
or left, exclude shoulder 
elevation) 

3. Anterocollis/retrocollis 
(a or b) 

4. Lateral shift 

5. Sagittal shift 

B. Duration factor 

C. Effect of sensory tricks 

D. Shoulder elevation/ 
anterior displacement 

E. ROM 

F. Time 

Disability scale 

A. Work 

B. ADLs 

C. Driving 

D. Reading 

E. TV 

F. Activities outside the 
home 

Pain 

A. Severity 

B. Duration 

C. Disability due to pain 
Please see Tsui scale and TWSTRS scoring documents for details 

Scanning Technique and Anatomy to Identify 

Injections are usually given into the sternocleidomastoid, 
anterior/posterior scalenes, splenius capitis, levator scapulae, 
scalene, and/or the trapezius muscles. (Please see trigger 
point chapter for injection techniques.) 

Pearls: 

• Contralateral splenius group is major head rotator, not 
sternocleidomastoid (SCM). 

• SCM is actually an extensor and contralateral rotator. 

• Longissimus colli: Long and thin muscle; therefore, this 
muscle has a long moment arm. 

• Levator scapulae are perpendicular to SCM. 

• Scalenes attach up to C2. 

• ^Remember scalenes are used in respiration. 

Equipment needed: 

• Linear array transducer with a frequency of 10+ MHz 

• Preparation of botulinum toxin 


(A) Amplitude of sustained 
movements: 

Rotation 

Tilt 

Anterocollis/retrocollis 
Combined score = A 

(B) Duration of sustained movements 

(C) Shoulder elevation 

(D) Tremor severity: 

Duration 

Severity x duration = D 

Total score = [(A) x (B)] + (C) + (D) 
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Table 9.6 Imaging-guided BTX injection [28] 

Torticollis pattern type 

Target 

Botulinum toxin A (Botox) dose (IU) 

Guidance 

RC, right 

Right OCI 

40 

Sonography 

RC, right; LC, left; AC 

Right OCI 

40, 50 

Sonography 

RC, right; LC, right a 

Right OCI 

90 

Sonography 

RC, right; LC, right a 

Right OCI, left OCS 

30, 20 

Sonography 

RC, right; LC, left 

Right OCI 

55 

Sonography 

RC, right; AC 

Right OCI 

30 

Sonography 


RC rotatory torticollis, LC lateral torticollis, OCI obliquus capitis inferior, AC anterior torticollis, Lc longus colli, OCS obliquus capitis superior, 
ScA scalenus anterior, ScP scalenus posterior 

a LC, right indicates that head was tilted to right side and neck was titled to left side relative to trunk 


Table 9.7 Cervical rotators 

Contralateral rotators 

Ipsilateral rotators 

Upper trapezius 

Splenius capitis to cervicis 

Levator scapulae (rotation) [31] 

Levator scapulae (tilt) 

Splenius group 

Inferior oblique 

SCM 



• 24+ gauge, Teflon-coated, injectable EMG/stimulator 
needle, 2.5 "-3" 

• EMG or nerve stimulator for additional guidance 


Salivary Gland Injections: Sialorrhea and 
Chronic Aspiration 

The salivary glands produce approximately 1-1.5 L of saliva 
daily in adults and about 0.75-0.9 L in children. Salivary 
contribution comes mainly from the submandibular gland 
(65 %), as well as the parotid (20 %), sublingual (7-8 %), 
and minor glands (7-8 %) [30]. The parotid is mainly respon- 
sible for salivation in response to smell and taste. The sub- 
mandibular is located between the anterior and posterior 
belly of the digastric muscles under the mandible. The 
parotid is located midway between the external auditory 
canal and angle of the mandible. 

Children develop neuromotor control of the oral cavity 
between 18 and 24 months of age, so drooling is normal in 
infants and toddlers. The presence of drooling over age 4 is 
considered pathological. Drooling tends to be due to oromo- 
tor dysfunction rather than overproduction of saliva in neu- 
rological conditions, such as stroke, Parkinson’s disease, 
ALS, and cerebral palsy. Anterior drooling presents only as 
external drooling around the mouth and chin, and may be 
very socially uncomfortable for the patient as well as lead to 
sores around the mouth and chin. Patients with posterior 
drooling often have choking and develop chronic aspiration 
and pneumonia that many times leads to frequent 
hospitalizations. 


Botulinum toxin is used as a treatment to control sialor- 
rhea due to its inhibition of presynaptic acetylcholine in the 
parasympathetically innervated salivary glands. The effect of 
botulinum toxin injection into the salivary glands typically 
lasts for 6 months, compared to approximately 3 months for 
muscles [32]. There is no consensus regarding which glands 
are the best to inject and how many injections are recom- 
mended for optimal treatment effect. Many prefer to only 
inject the submandibular glands, as these glands are respon- 
sible for the majority of saliva production throughout the 
day, and therefore not interfere with the parotid glands which 
are active mainly with stimulation from food. Some studies 
have showed good results with injection of both sets of 
glands. Based on current literature, it has been recommended 
to limit initial botulinum toxin injections to the submandibu- 
lar glands, especially for fasting patients [33]. Combined 
parotid and submandibular gland injections have been sug- 
gested for patients with more severe swallowing issues or 
aspiration or patients that have failed response to subman- 
dibular gland injections alone [34]. 

Tables 9.8 and 9.9 provide an overview of procedural 
specifications and summary of several studies examining 
ultrasound guidance for salivary gland injections. There was 
one randomized clinical trial by Dogu et al. that compared 
ultrasound-guided vs. blind injections [39]. Two 15 unit bot- 
ulinum toxin A doses were injected into each parotid gland in 
patients with Parkinson’s disease. The study demonstrated 
significant improvement in objective saliva measures at 
1 week postinjection for the ultrasound-guided group and 
superior improvement at weeks 4 and 12 postinjection com- 
pared to the blinded injection group. Subjective reduction in 
saliva was significantly improved in both the ultrasound- 
guided injection and blind injection group with greater 
reduction in the ultrasound group. 

Ultrasound guidance for salivary gland injections is use- 
ful to avoid vascular or nerve injury during neurotoxin injec- 
tion procedure. Eid noted an anatomical variant of the arterial 
supply in the submandibular gland that would come in close 
proximity to the safety zone described for blind injections 
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Fig. 9.8 (a) Transverse view of submandibular gland, (b) Purple indicates submandibular gland, (c) Transverse view of parotid gland, (d) Orange 
indicates parotid gland 


[48]. When performing injections to the parotid gland, there 
is potential for injury to the facial nerve. The facial nerve 
exits the skull through the stylomastoid foramen and passes 
through the large parotid gland where the nerve divides into 
its branches. In order to protect the facial nerve from damage 
and prevent a facial droop as a complication of the neuro- 
toxin injection, it has been recommended that E- stimulation 
be used to identify the nerve and target the injection away 
from the nerve branches [50]. 

Scanning Technique and Anatomy to Identify 

Submandibular Gland: Place the patient supine with the 
head slightly extended and rotated away for better access to 
the gland. Position the transducer medial to the angle of the 
mandible. The gland is hypoechoic compared to surround- 
ing tissues. Examine in both longitudinal and transverse 
planes. 

Parotid Gland: Place the patient supine with slight rota- 
tion away. Place the transducer between the anterior ear and 
the angle of the mandible. The gland is hypoechoic and will 
appear more attenuative than the submandibular gland due 
its fat content (Fig. 9.8). 


Injection Techniques: In-Plane Axial Approach 
(Submandibular) 

Patient positioning: Lay the patient supine with the head in 
slight extension and rotation away. 

Probe positioning: Center the probe over under the man- 
dible over the submandibular gland (Fig. 9.9a). 

Markings: The submandibular gland is located between 
the anterior and posterior belly of the digastric muscle under 
the mandible [51]. 

Needle position: Insert the needle in-plane using an axial 
approach aiming at the center of the gland. 

Injection Techniques: Out-of-Plane Axial 
Approach (Parotid) 

Patient positioning: Lay the patient supine with the head in 
slight extension and rotation away. 

Probe positioning: Center the probe anterior to the ear 
over the parotid gland (Fig. 9.10a). 

Markings: The parotid gland is localized midway 
between the external auditory canal and angle of the 
mandible [51]. 
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Fig. 9.9 (a) Example of axial probe position over submandibular gland, (b) White arrow indicates trajectory of needle into center of gland 



Fig. 9.1 0 (a) Example of probe position over parotid gland, (b) White arrowhead indicates needle tip centered in the parotid gland 


Needle position: Insert the needle out-of-plane aiming at 
the center of the gland. 

Safety considerations: Use small volumes to reduce risk of 
diffusion into surrounding pharyngeal and cervical muscles 
and soft tissues leading to dysphagia or dysarthria. Potential 
adverse effects reported in literature include the following: 
dysphagia, dysarthria, increase in viscoelasticity of saliva 
affecting swallowing function, increase in dental plaques (as 
saliva has a natural cleaning effect), swollen glands and pain 
during injection, dry mouth, infection, and bleeding [8, 50, 51]. 
Pearls: 

• Consider use of topical lidocaine cream to preinjection 
sites for adults and older children to decrease pain. 

• For young children, consider using conscious sedation 
during procedure. 

• Extending neck may help target the submandibular glands. 

• Advise patient or caregivers to only consume mashed or 
melted food for first week postinjection. 


Equipment needed: 

• High-frequency linear array transducer 7.5-15 MHz 

• 25 gauge 1.5" needle 

• Botulinum toxin preparation 

• Consider topical lidocaine cream to injection site prior to 
procedure 
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Ultrasound is limited in its ability to image through bone, 
which is why most spinal injections are performed with 
fluoroscopic guidance. Ultrasound has several advan- 
tages, however. Ultrasound can be helpful to visualize 
superficial cervical structures and help to avoid critical 
blood vessels. Nerves can be seen on ultrasound but not 
on fluoroscopy. Ultrasound may be used to facilitate nee- 
dle placement and can be combined with fluoroscopy to 
confirm contrast patterns. This can improve speed, safety, 
and the accuracy of an injection while decreasing radia- 
tion exposure. It should be noted that these are more 
advanced injections and should be performed after suffi- 
cient practice and supervision. 


Cervical Spinal Nerves 

Cervical radiculitis from herniated discs or spinal stenosis 
is a very common cause of neck and arm pain, numbness, 
and weakness [1]. Injections to treat cervical radiculitis are 
typically performed with fluoroscopy. However, in a ran- 
domized, blinded, controlled study by Jee et al., there were 
no differences in treatment effect and outcomes in an 
ultrasound-guided versus fluoroscopy-guided transforami- 
nal block in the lower cervical spine [2] (Table 10.1). 
Ultrasound guidance enables visualization of critical blood 
vessels prior to the placement of a needle preventing inad- 
vertent puncture [3]. Huntoon found that 20 % of dissected 
cervical foramina contained either the deep or ascending 
cervical artery within 2 mm of the directed needle target for 
a standard fluoroscopic approach. These arteries were 
found to enter the posterior foramen 33 % of the time [4]. 
Hoeft et al. found that radicular artery branches from the 
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ascending or deep cervical arteries traverse the foramen as 
they cross medially [5]. Narouze et al. found in a small 
study of ten patients undergoing ultrasound-guided cervical 
nerve root injections that two patients had arteries in the 
posterior aspect of the foramen and one patient had a pos- 
teriorly located arterial supply that coursed medially into 
the foramen [6]. Serious complications from cervical trans- 
foraminal injections have been reported including stroke, 
paralysis, and death [7-9]. Ultrasound using Doppler mode 
allows the identification of critical vessels located near the 
intervertebral foramen or needle pathway and aids in avoid- 
ing inadvertent vascular injury, which is the leading cause 
of reported complication from cervical transforaminal 
injections [2]. 

Scanning Technique and Anatomy to Identify 

The patient should lay in a lateral decubitus position with 
the affected side towards the ceiling or supine with the head 
rotated away from the affected side. The transducer is placed 
transversely, short axis to the C7 level. At this level, identify 
the prominent posterior tubercle and rudimentary anterior 
tubercle [10]. The anterior and posterior tubercles of the 
cervical vertebrae, “the two-humped camel,” become more 
evident as you scan cranially to C6. The nerve root is identi- 
fied as a hypoechoic round structure between the two tuber- 
cles [11]. Another method for identifying the correct 
cervical level is to trace the vertebral artery which lies 


Table 10.1 Cervical radicular pain following ultrasound versus fluo- 
roscopic guided injections 


Comparison of verbal numeric pain scale 



Baseline 

2 weeks after 
injection 

12 weeks after 
injection 

Ultrasound-guided 

approach 

6.15±0.79 

3.20±0.51 

2.62 ±0.45 

Fluoroscopy- 
guided approach 

6.06 ±0.82 

3.17±0.52 

2.61 ±0.42 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-l-4614-8936-8_10, © Springer Science+Business Media, LLC 2014 
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Fig. 10.1 (a) Transverse (axial) view over C7 with prominent poste- 
rior tubercle, (b) Dashed orange line outlines posterior tubercle, yellow 
indicates C7 spinal nerve, arrows with stops indicate carotid artery 
and internal jugular vein, (c) Transverse (axial) view over C6 with 

anterior to C7 and enters the C6 foramen 90 % of time. The 
remaining 10 % enter further cranially [12]. Be careful to 
keep the transducer perpendicular to the relevant cervical 
level as you travel to another level so you do not have the 
transducer angled downward at an unintended level. Use 
Doppler to identify the larger carotid artery, anterior and 
superficial to the anterior tubercle. Look for an anteriorly 
located vertebral artery. Lastly, try to identify any smaller 
feeder vessels in the foramen or in the way of the projected 
needle pathway (Fig. 10.1). 

Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient in the lateral decubitus 
position with the affected side facing upward with a pillow 
placed between the patient’s legs and one under the arm to 
facilitate comfort. The patient can also lay supine with the 
head rotated and side bent away. 

Probe positioning: Place the transducer transverse (short 
axis) over the C7 vertebrae, visualizing the rudimentary 


prominent anterior and posterior tubercles, (d) Dashed orange line out- 
lines posterior tubercle, dashed purple line outlines anterior tubercle, 
yellow indicates C6 spinal nerve, arrows with stops indicate carotid 
artery and internal jugular vein 

anterior tubercle and prominent posterior tubercle 
(Fig. 10.2a). 

Markings: Identify the transverse process and tubercles 
of C7 as this differs from the other cervical vertebrae, mark- 
ing the C7 level. If more than one level injection is planned, 
use a marker to identify the probe position at the desired 
vertebral levels and the needle entry site. Mark any vessels 
that are identified on Doppler to avoid inadvertent injury. 

Needle position: Plan your needle path prior to insertion 
to avoid any feeding vessels or ones located in the posterior 
foramen. A blunt needle should be inserted from a posterior 
to anterior direction. The needle should be kept in-plane 
directed towards the desired nerve root. 

Safety considerations: Care should be taken to avoid con- 
tact with a blood vessel or spinal nerve. 

Pearls: 

• The anterior spinal artery may receive some blood flow 
from the ascending and deep cervical arteries [1]. 

• Keep the transducer perpendicular as you scan to keep 
your desired vertebral level in site. Angling the transducer 
may cause you to view up or down a level. 
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Fig. 10.2 (a) Example of transverse (axial) probe position over C6 
level with in-plane needle position, (b) Example of in-plane axial injec- 
tion towards to the C6 spinal nerve (probe angled slightly to position 
posterior tubercle out of the field of view to allow for easier needle 
trajectory), arrowhead indicates needle tip, arrow indicates needle 

• Always inject from a posterior to anterior direction to 
avoid the internal jugular vein, vagus nerve, common 
carotid artery, and 80 % of anterior located radicular 
arteries in the cervical foramen. 

• Doppler mode may help to identify feeding vascular 
structures in the posterior foramen. 

Equipment needed: 

• 6-12 MHz linear array transducer 

• 22 or 25 gauge, blunt tip spinal needle 

• Non-particulate steroid preparation 

• 1-2 mL of local anesthetic or normal saline 


Cervical Medial Branch Blocks (CMBB) and 
Third Occipital Nerve (TON) 

Pain arising from the cervical zygapophysial (z-jt) aka facet 
joint is common and may present with aching or throbbing 
neck pain that radiates to the head (commonly C2-3) or 


Table 1 0.2 Accuracy of ultrasound guided nerve blocks of the cervical 
zygapophysial joints [19] 

Level 

Accuracy (%) 

Third occipital nerve 

88 

C4 

94 

C6 

88 

Cl 

41 


shoulder or interscapular region (C5-6, C6-7) [13]. Patients 
may have pain and decreased range of motion with cervical 
side bending or rotation. The cervical z-jts are each innervated 
by two medial branches, and pain emanating from the joint is 
diagnosed by anesthetizing these nerves. Injection of the joints 
themselves is not as helpful diagnostically but may provide 
therapeutic benefit [14, 15]. Cervical medial branch block pro- 
cedures are typically performed with fluoroscopic guidance 
but have the potential to miss the medial branch as there are 
variations in its course [16]. Ultrasound provides the opportu- 
nity to visualize the nerve towards the center of the articular 
pillars. The gold standard treatment for cervical z-jt pain is 
radiofrequency neurotomy, and the use of ultrasound guidance 
to perform the procedure has been described and may become 
a viable alternative to fluoroscopy [17, 18] (Table 10.2). 

Scanning Technique and Anatomy to Identify 

The patient should lie in the lateral decubitus position. The 
transducer is placed longitudinally with the superior end on 
the mastoid process to obtain a coronal image. The articular 
pillars of the cervical vertebra (C2-7) are seen as hills, and 
the first trough between the hills of the C2-3 z-jt is identified 
by a characteristic depression. To confirm your level, the 
transverse process of Cl can be seen on the cephalad portion 
of the screen or turn on the Doppler to visualize the vertebral 
artery traversing anteriorly into the foramen of C2 [11]. The 
superficial medial branch of C3 differs from the other cervi- 
cal medial branches in that it sits on top of the “hill” at the 
junction of the C2-3 z-jt and travels to become a cutaneous 
nerve. This is known as the third occipital nerve (TON). The 
TON can also be identified by placing the transducer over the 
mastoid process in the axial plane and moving it caudally 
until the transverse process of Cl. Continuing caudally, the 
vertebral artery traverses into the foramen of C2 [20]. 
The TON is identified at the highest point of the convexity of 
the C2-3 joint [21]. The C4-8 cervical medial branches tra- 
verse dorsally over the articular pillars in the troughs between 
the hills and innervate the facet joint above and below [22]. 
They are found by the continuation of the longitudinal 
(coronal) scanning along the articular pillars. The medial 
branches appear as oval slightly hypoechoic structures in 
between the pillars (Fig. 10.3). 
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Fig. 10.3 (a) Coronal view of the cervical articular pillars, (b) Black arrowhead indicates TON, black arrow indicates C3 medial branch, asterisk 
indicates C2-3 and C3-4 z-jt 



Fig. 1 0.4 (a) Example of coronal view over the cervical medial branches 
with in-plane needle position, (b) Arrowhead indicates needle tip adjacent 
to medial branch, white arrow indicates needle, articular pillar labeled 


Probe positioning: Place the transducer coronally over the 
mastoid process and view the articular pillar, identifying the 
levels as you move caudally (Fig. 10.4a). 

Markings: Identify and mark the desired cervical levels. 
Needle position: The needle is inserted in-plane towards 
the medial branch if identified. If the nerve is not visualized, 
direct straight down between the articular pillars towards the 
deepest point, touching down on bone. For the TON, the nee- 
dle is inserted in-plane towards the apex of the C2-3 joint. 

Safety considerations: Keep the transducer and injection 
posterior to avoid the anterior vasculature. 

Pearls for CMBB: 

• Aim at the deepest point between the articular pillars. 

• The medial branch may be difficult to visualize in an 
obese patient. 

• The cervical medial branch becomes more difficult to 
identify as you proceed caudally. 

Pearls for TON: 

• Aim at the convexity of the C2-3 joint. 

• The C2 level is also identified as having the first bifid spi- 
nous process [23]. The transducer can be placed axially 
over the spinous process of C2, and the lamina of C2 can 
be traced laterally until the C2-3 joint appears. 
Equipment needed: 

• High-frequency linear array transducer 

• 22 or 25G 2.5-3. 5" spinal needle 

• 0-1 mL of steroid preparation per level 

• 0.5-1 mL local anesthetic per level 


Injection Techniques: In-Plane Coronal 
Approach 

Patient positioning: Lay the patient in the lateral decubitus 
position with pillows underneath the head, between the legs, 
and under the arm. 


Cervical Zygapophysial Joint 

The cervical z-jts are formed by the articulations of the supe- 
rior and inferior articular pillars of adjacent vertebrae. Intra- 
articular injections can have diagnostic and therapeutic 
benefit [15, 24]. Cervical z-jt joint procedures are typically 
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Fig. 10.5 (a) Sagittal view of the cervical facet joints, (b) Asterisk 
indicates cervical facet joints 


Fig. 10.6 (a) Example of sagittal probe position over cervical facet 
joint with in-plane injection technique, (b) Arrowhead indicates needle 
tip entering facet joint, arrow indicates needle, IAP inferior articular 
process, SAP superior articular process 


performed with either fluoroscopic or CT guidance. 
Ultrasound-guided cervical facet joint injections have been 
shown to be faster than CT guidance, require fewer needle 
repositions, and have better pain scores at 1 month [25]. 


transducer laterally will bring a sawtooth image of the z-jt 
line into view. The z-jts become more vertical as you 
move caudally, becoming almost vertical in the thoracic 
spine [26, 27] (Fig. 10.5). 


Scanning Technique and Anatomy to Identify 

The patient should lie in the prone position. The trans- 
ducer is placed midline in the sagittal plane (longitudi- 
nally) over the cervical spinous processes. The C2 level is 
identified as having the first bifid spinous process [13]. 
The cervical levels are counted as you move caudally by 
looking at the superficial midline hyperechoic spinous 
processes. Once you reach your desired level, moving the 


Injection Technique: In-Plane Sagittal Approach 

Patient positioning: Lay the patient in the prone position with a 
pillow underneath the chest to allow for slight cervical flexion. 

Probe positioning: Place the transducer in the sagittal 
plane over the cervical spinous processes and move laterally 
until the facet joints at the desired levels are in view 
(Fig. 10.6a). 
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Marking: Identify and mark the desire cervical levels. 
Needle position: The needle is inserted in-plane from cau- 
dal to cephalad towards the facet joint. 

Safety considerations: Keep the transducer and injection 
posterior to avoid the anterior vasculature. 

Pearls: 

• The cervical facets appear as shingles on a roof with the 
probe in the sagittal plane. 

• Keeping the needle angle shallow will help to mimic the 
angle of the facet joint and ease the approach and needle 
placement for an intra- articular injection. 

• The C2 vertebra has the first bifid spinous process. 
Equipment needed: 

• High-frequency linear transducer 

• 25 gauge, 1.5" needle 

• 0.5-1 mL of steroid preparation per level 

• 0.5-1 mL of local anesthetic per level 


Stellate Ganglion 

Stellate ganglion block (SGB) is an established treatment for 
sympathetically mediated pain conditions such as complex 
regional pain syndrome and Raynaud’s disease [28]. The most 
widely practiced approach for this injection was originally 
described by Leriche [29], in which Chassaignac’s tubercle, 
the anterior aspect of the C6 transverse process, is palpated 
and used as the needle target [30]. This approach is typically 
performed with or without fluoroscopy [31]. However, the 
stellate ganglion does not lie adjacent to this bony target but 
rather anteriorly in the prevertebral fascia [32, 33]. 

The stellate ganglion, or cervicothoracic ganglion, is 
the fusion of the inferior cervical ganglion and the first 
thoracic ganglion. The stellate ganglion lies posterior and 
lateral to the trachea, esophagus, and thyroid; medial to 
the common carotid artery and internal jugular vein; just 


lateral to the inferior thyroid artery and recurrent laryngeal 
nerve; and anterior to the vertebral artery and longus colli 
muscle [34]. The stellate ganglion is approximately 2.5 cm 
long, 1 cm wide, and 0.5 cm thick [35]. The fluoroscopic- 
guided approach cannot visualize any of these soft tissue 
structures. Ultrasound improves safety by allowing direct 
visualization of the related anatomical structures minimiz- 
ing complications like recurrent laryngeal nerve palsy or 
inadvertent puncture of a major vessel with intravascular 
spread [36]. Ultrasound also helps to avoid retropharyn- 
geal hematoma, which is reported to occur in 1/100,000 
procedures; however, asymptomatic hematoma can be as 
high as 1/4 [37]. 


Scanning Technique and Anatomy to Identify 

Place the patient in the supine position with the head in slight 
extension and rotated away from your desired side. Place the 
probe over the cricoid cartilage to obtain a transverse (axial) 
scan, and move laterally to identify the prominent anterior 
tubercle of C6. In this position, identify the carotid artery, 
internal jugular vein, cricoid cartilage, and longus colli mus- 
cle. Turn on the Doppler to look for the inferior thyroid 
artery and a vertebral artery that may not have moved poste- 
riorly into the vertebral foramen yet [36]. To confirm your 
anatomical level, scan in the axial plane laterally over C7. C7 
has a prominent posterior tubercle and a rudimentary ante- 
rior tubercle which differentiates it from C6 which has both 
anterior and posterior tubercles (Fig. 10.7). 


Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient supine with the neck in 
slight extension and slight rotation away. 



Fig. 10.7 (a) Transverse (axial) view of the stellate ganglion with location of stellate ganglion, arrow with stop indicates carotid artery, IJ 
Doppler, (b) Magenta indicates sternocleidomastoid, purple indicates internal jugular vein 
anterior scalene, orange indicates longus colli, black arrow indicates 
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Probe positioning: Start by placing the probe at C7 in 
the axial plane. As you scan cephalad, the anterior tuber- 
cle of C6 comes into view. Now at the level of C6, visual- 
ize the anterior tubercle of C6, longus colli muscle and 
prevertebral fascia, carotid artery, and thyroid gland 
(Fig. 10.8a). 

Markings: There are a number of significant anatomical 
structures to mark and note in this region. Identify the esoph- 
agus, trachea, carotid artery, internal jugular vein, and infe- 
rior thyroidal artery. 

Needle position: The needle is inserted in-plane from 
lateral to medial aiming at the prevertebral fascia just ante- 
rior to the longus colli muscle. Plan out the course of the 
needle to avoid puncturing important structures [8]. If the 
needle path can cause injury to these structures, adjust the 
probe position or insert the needle with a more oblique 
trajectory. 

Safety considerations: Avoid the esophagus and trachea 
medially and the carotid artery, internal jugular vein, inferior 
thyroid, and vertebral arteries laterally. A phrenic nerve 
block can occur and cause diaphragmatic paresis [38]. 



Pearls: 

• The stellate ganglion lies medial to the scalene muscles. 

• Stellate ganglion is formed by the fusion of the inferior 
cervical and first thoracic ganglion. 

• A nerve stimulator can help to identify the phrenic nerve 
and avoid inadvertent diaphragmatic paresis [39]. 
Equipment needed: 

• High-frequency linear array transducer 

• 25G 3.5" needle 

• 1-3 mL short- acting anesthetic for local anesthesia 

• 10-20 mL of long-acting anesthetic for the block 


Greater Occipital Nerve 

Greater occipital nerve (GON) block is used to treat occipital 
neuralgia and different headache conditions such as cluster, ten- 
sion, cervicogenic, and migraine [39^-2]. Occipital neuralgia is 
typically described as a painful paroxysmal stabbing pain in the 
distribution of the greater, lesser, and third occipital nerves [43]. 
Patients may exhibit tenderness over the affected nerve. The 
classical method of blind injection includes palpating just medial 
to the occipital artery at the level of the superior nuchal line [44]. 
Identification of the occipital artery by palpation can be difficult, 
however, and there can be variability in the course of both the 
occipital artery and GON. The GON arises from the C2 dorsal 
ramus and curves around the inferior aspect of the inferior 
oblique muscle (IOM) to then situate between the IOM and the 
semispinalis capitis (SSC) muscle [45]. There are a number of 
locations in which the GON can become irritated and entrapped 
including where the greater occipital nerve emerges from the C2 
dorsal ramus between the atlas and the axis, where the nerve 
courses between the IOM and SSC muscles, and where the nerve 
pierces the belly of the SSC and at the nerve exit from the tendi- 
nous aponeurosis of the trapezius [46, 47] (Table 10.3). 


Scanning Technique and Anatomy to Identify 

The patient should lay prone on a table or cervical board with 
slight cervical flexion to expose the suboccipital region. Place 
the ultrasound probe transversely over the hyperechoic bony 
bifid C2 spinous process, and scan one level cephalad to Cl. 
Identify the IOM just superficial to Cl and the SSC muscle 
superficial to that. The GON appears as a hypoechoic round or 
oval structure that lies within the plane of these two muscles 
before it pierces superficially through the SSC [48] . Use Doppler 
to visualize any branches of the occipital artery (Fig. 10.9). 


Fig. 1 0.8 (a) Example of axial probe position over stellate ganglion at 
level of C6 with in-plane injection technique, (b) Arrowhead indicates 
needle tip in the prevertebral fascia, white arrow indicates needle, SCM 
sternocleidomastoid, Th thyroid, vertebral body labeled 


Table 1 0.3 Accuracy of ultrasound guided GON injections 


Study - GON 

Author 

Accuracy (%) 

Ultrasound guided 

Siegenthaler et al. [21] 

100 
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Fig. 10.9 (a) Axial view of the GON with Doppler, (b) Orange indicates IOM, SSC and inion labeled; arrow with stop indicates occipital artery; 
yellow indicates GON 



Probe positioning: Start by placing the transducer trans- 
verse (axial) over the bifid spinous process of C2. The poste- 
rior arch of Cl will appear smooth. The inferior obliquus 
capitis muscle attaches to the spinous process of C2 and 
transverse process of Cl. Follow the inferior obliquus capitis 
in-plane as it moves laterally and cranially. The GON sits in 
the fascial plane between the inferior obliquus capitis and 
semispinalis capitis muscle (Fig. 10.10a). 

Markings: Use Doppler to identify any branches of the 
occipital artery to avoid inadvertent puncture. 

Needle position: The needle is inserted in-plane from lat- 
eral to medial. Advance until the needle is close to the nerve 
sheath. 

Safety considerations: Prior to placing the needle, Doppler 
may help to identify any vessels. 

Pearls: 

• The C2 spinous process is bifid which distinguishes it 
from the smooth posterior arch of Cl. 

• Placing the neck in slight flexion will help to clear room 
for the ultrasound probe. 

• Rotate the probe slightly (lateral end more cranial than 
medial end) to help bring the inferior obliquus capitis 
muscle parallel to the probe. 

Equipment needed: 

• High-frequency linear array transducer 

• 25 G 1.5" needle 

• 0.5-1 mL of steroid preparation 

• 1-3 mL local anesthetic 


Fig. 1 0.1 0 (a) Example of axial probe position over GON with in-plane 
injection technique, (b) Arrowhead indicates needle tip adjacent to GON; 
white arrow indicates needle; SSC, inion, and inferior oblique labeled 

Injection Technique: In-Plane Axial 
Approach [49] 

Patient positioning: Lay the patient prone with the neck in 
slight flexion. A pillow can be placed under the chest. 


Lumbar Medial Branch Blocks 
and Zygapophysial Joint 

Low back pain is very common and is often thought to arise 
from the zygapophysial or facet joints approximately 30 % 
of the time [50-52]. The z-jts joints are comprised of the 
superior and inferior articular processes (SAP and IAP) and 
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are innervated by the medial branches of the dorsal rami of 
the level involved and level above [53]. Pain arising from 
these joints is typically localized to the low back but can 
radiate to the proximal lower extremities or buttocks. The 
pain is typically characterized as aching and dull. Loading 
the z-jt with oblique extension may reproduce the symp- 
toms. History and physical exam are not the most reliable 
means of diagnosing z-jt-mediated pain; the gold standard is 
image-guided comparative anesthetic medial branch blocks 
[51]. Numerous studies have shown the accuracy of 
ultrasound-guided lumbar spine procedures, and newer evi- 
dence suggests that ultrasound-guided lumbar facet joint 
injections are just as effective as fluoroscopic-guided for 


Table 1 0.4 Accuracy of ultrasound guided lumbar medial branch blocks 


Study - medial branch block 

Author 

Accuracy (%) 

Ultrasound guidance with 
fluoroscopic confirmation 

Greher et al. [55] 

89 

Ultrasound guidance with 
fluoroscopic confirmation 

Shim et al. [56] 

95 

Ultrasound guidance with CT 
confirmation 

Greher et al. [57] 

94 


improving pain and activities of daily living [19, 54-56] 
(Table 10.4). 

Scanning Technique and Anatomy to Identify 

The patient should lie prone resting comfortably. A pillow 
can be placed under the pelvis. The transducer is placed trans- 
versely (axial) over the upper crest of the sacrum. A superfi- 
cial hyperechoic sacrum will be seen extending underneath 
the footprint of the probe. Keep the probe midline in the axial 
plane and scan cephalad. A small hypoechoic break will 
appear before the small superficial hyperechoic tip of the L5 
spinous process. The lumbar vertebrae will have a distinctly 
different appearance from the sacrum. Just lateral to the mid- 
line, follow the spinous process down the lamina to the z-jt. 
Follow further laterally and deeper to identify the transverse 
process. Lumbar spine scanning can also be done starting lon- 
gitudinally over the midline of the sacrum. The hyperechoic 
crest of SI, L5, and L4 can be seen separated by a laminar 
window. Staying midline and moving cephalad all the lumbar 
spinal levels can be identified. Sliding the probe laterally to a 
paramedian position will bring the z-jts in line (Fig. 10.1 1). 



Fig. 10.11 (a) Axial view over sacrum, (b) Dashed orange line outlines dorsal sacrum, (c) Axial view over L5 vertebrae, (d) Dashed orange line 
outlines L5 posterior elements, SP spinous process, ZJ zygapophysial joint, TP transverse process, paraspinal muscle labeled 
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Injection Techniques: In-Plane Axial Approach 

Patient positioning: Lay the patient prone with a pillow under 
the pelvis. 

Probe positioning: Start by finding your desired level as 
above. Keep the probe in an axial view and identify the “tri- 
ple crown” sign, transverse process deep, z-jt in the middle, 
and spinous process superficial, all in the same view. Center 
the probe over the z-jt (Fig. 10.12a). 

Markings: Mark the spinal levels beginning at the sacrum 
as you scan cephalad. This can be done by scanning axially or 
sagittally from the midline using the sacrum as a landmark. 

Needle position: The needle is inserted in-plane from lat- 
eral to medial towards the base of the SAP and the transverse 
process for the medial branches and towards the cleft formed 
by the IAP and SAP for the z-jt. 


Safety considerations: Prior to placing the needle, Doppler 
may help to identify any vessels. If the needle is too caudal 
or cephalad, it may enter the epidural space. 

Pearls: 

• Fine-tuning or toggling the probe once it is in position 
over the facet joint in the axial plane will help to visualize 
the joint opening [58]. 

• After the target is reached, turn the probe sagittally to 
view the needle tip on the upper part of the transverse 
process to confirm it is in proper position for medial 
branch block. 

Equipment needed: 

• Curvilinear transducer or a wide-footprint linear trans- 
ducer with a low frequency 

• Spinal needle 22-25G 3.5-5 

• 0.5-1 mL of steroid preparation per level 

• 0.5-1 mL local anesthetic per level 



Caudal 

Caudal epidural injections are indicated for radicular pain 
due to lumbar spinal stenosis or disc herniations. Some phy- 
sicians prefer the caudal approach because of the lower risk 
of intrathecal injection and inadvertent puncture, and some 
feel it is easier to perform in patients with a history of spinal 
surgery while still gaining access to the epidural space [23, 
59, 60]. Caudal injections are typically performed with fluo- 
roscopic guidance. Even with this image guidance, inadver- 
tent needle placement can occur in up to 25.9 % of injections 
[61]. Ultrasound provides a great alternative to fluoroscopy. 
Blanchais et al. performed a feasibility study confirmed with 
epidurograms and found 96 % accurate needle placement 
[23]. Yoon et al. performed a study using color Doppler to 
assess for intravascular injections and found correct place- 
ment of medication in 52 of 53 patients [62]. Newer research 
has shown no statistical differences in pain or disability 
index between fluoroscopic or ultrasound-guided caudal 
injections [63] (Table 10.5). 


Scanning Technique and Anatomy to Identify 

The patient should lay prone in a comfortable position. 
Place the ultrasound probe transversely (axial) across the 
sacrum until two sacral cornua appear as two upside down 
U’s. The sacrococcygeal ligament is seen as a hyperechoic 
line between the sacral cornua, centered along with a deep 


Fig. 1 0.1 2 (a) Example of axial probe position over L5 z-jt joint with 
in-plane injection technique, (b) Arrowhead indicates needle tip at z-jt, 
arrow indicates needle tip, asterisk indicates z-jt, spinous process 
labeled 


Table 1 0.5 Accuracy of ultrasound guided caudal epidural injection 


Study - caudal epidural space 

Author 

Accuracy (%) 

Ultrasound guided 

Blanchais et al. [64] 

96 
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Fig. 10.13 (a) Axial view over sacral cornua, (b) Green indicates sacrococcygeal ligament, SC sacral cornua, asterisk indicates sacral hiatus, (c) 
Sagittal view of sacral hiatus, (d) Dorsal sacrum (left), green indicates sacrococcygeal ligament, asterisk indicates sacral hiatus 


hyperechoic line representing the bony surface of the poste- 
rior side of the sacrum. The transducer is then rotated to 
obtain a longitudinal view of the sacral hiatus [23, 27, 65] 
(Fig. 10.13). 

Injection Technique: In-Plane Sagittal 
Approach 

Patient positioning: Lay the patient prone comfortably on 
table. 

Probe positioning: Start by placing the transducer short 
axis (transverse) to the mid-sacrum and scan caudad until the 
sacral cornua appear. Rotate the probe 90° to give a sagittal 
and longitudinal picture, and center the sacral hiatus on the 
screen (Fig. 10.14a). 

Markings: Mark the placement of the probe and needle 
entry site once the ideal position is found so that the area can 
be sterilized and found quickly again. You can also mark the 
distance between S2 and S4 so you know the distance to the 
thecal sac. 

Needle position: The needle is inserted in-plane from cau- 
dal to cephalad aiming at the sacral hiatus. The needle should 
be inserted deep to the dorsal aspect of the sacrum. Some 
resistance by the sacrococcygeal ligament and a “pop” may 
be appreciated. 


Safety considerations: Carefully aspirate to ensure no 
blood or cerebrospinal fluid. 

Pearls: 

• Once the needle advances through the sacrococcygeal 
ligament, begin aspiration and injection. Do not advance 
the needle too far as the dural sac typically ends at S2 and 
the needle cannot be visualized anterior to the dorsal bony 
aspect of the sacrum. 

• Injection volume of 20 mL can reach SI 100 %, L5 89 %, 
L4 84 %, and L3 19 % of the time [23]. 

Equipment needed: 

• High-frequency linear array transducer 

• 22 or 25 G 3.5" spinal needle 

• 2 mL of steroid preparation 

• 0^1 mL local anesthetic 

• 0-6 mL normal saline 


Sacroiliac Joint 

The SIJ is a diarthrodial joint with anterior and posterior 
innervation [66]. The complex nature of the ligamentous 
and muscular attachments from the SIJ to the hip make it a 
common pain generator [67]. Presenting symptoms may 
include low back and buttock pain as well as referred pain to 
the groin and thigh [30]. Physical exam maneuvers have 
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Fig. 10.14 (a) Example of sagittal probe position over sacrum with 
in-plane injection technique, (b) Arrowhead indicates needle tip tra- 
versing towards sacral hiatus, arrow indicates needle 


Table 1 0.6 Accuracy of ultrasound guided SIJ injections 


Study - SIJ injection ultrasound guided confirmed by 


fluoroscopy [36] 

Accuracy (%) 

First 30 injections 

60 

Second 30 injections 

93.5 

Last 20 injections 

100 


proven to have low sensitivity and specificity in diagnosing 
sacroiliitis, and SIJ injections have shown to serve both a 
diagnostic and therapeutic purpose [68-70]. Fluoroscopy is 
currently the gold standard for performing SIJ injections 
(Table 10.6). 


Scanning Technique and Anatomy to Identify 

The patient should lay prone. The transducer is placed trans- 
versely over the sacral hiatus and moved towards the affected 
side identifying the lateral edge of the sacrum. Continue 
cephalad until the ilium comes into view and the cleft 
between the sacrum and ilium are identified [30, 71]. 
Alternatively, identify the PSIS laterally and the sacrum 
medially, and move the probe inferiorly until the cleft of the 
joint space comes into view (Fig. 10.15). 


Injection Technique: In-Plane Axial Approach 

Patient positioning: Lay the patient in the prone position 
with a pillow under the pelvis. 

Probe positioning: Start by placing the transducer short 
axis (transverse) to the sacrum at the level of the sacral hia- 
tus. Move the probe lateral and cephalad until the cleft 
between the sacrum and ilium is centered on the screen. The 
probe should be positioned 1 cm above the lower end of the 
joint (Fig. 10.16a) [72]. 

Markings: No significant vascular or neural structures 
need to be marked. 

Needle position: The needle should be inserted in-plane 
from medial to lateral parallel to the transducer for optimal 
needle visualization. 

Safety considerations: Prior to placing the needle, Doppler 
may help to identify any vessels. Take care in osteoporotic 
individuals to not advance the needle through bone. 



-Subcutaneous-Fat 


\ 


Sacrum N 


Ilium 


Har-Pen 
Freq H6.0M 
Depth 4.5ctt 
Sector Ext 
Gain 55% 
FrRate High 
FPS 23Hz 
Dyn 65dB 
Persist 2 
Map 6 
Chroma 0 
Power 0 
MK0.78 
Clarity Med 


Fig. 10.15 (a) Axial view of the SIJ. (b) Dashed orange line outlines sacrum, dashed purple line outlines ilium, asterisk indicates joint space, 
subcutaneous fat labeled 
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Fig. 1 0.1 6 (a) Example of axial probe position over SIJ with in-plane injection technique, (b) Arrowhead indicates needle tip entering SIJ, arrow 
indicates needle, asterisk indicates joint space, sacrum and ilium labeled 


Pearls: 

• The injection can be performed in the lower third of the 
SIJ which is synovial, while the upper portion is fibrous 
and not a true joint [36, 73, 74]. 

• Target the most inferior portion of joint. 

• Push the needle through the posterior ligament, and feel a 
pop to help confirm joint entry rather than a periarticular 
injection. 

Equipment needed: 

• Curvilinear or linear array 6-10 mHz transducer 

• 22G 3.5" spinal needle 

• 1-2 mL of steroid preparation 

• 1-2 mL local anesthetic 
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Sample Ultrasound Procedure Notes 


Name 

DOB 

Medical Record Number 

David 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Location injection with ultrasound guidance 
Findings: 

Procedure note: 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to contact 
me with questions or concerns. 


D.A. Spinner et al. (eds.), Atlas of Ultrasound Guided Musculoskeletal Injections, Musculoskeletal Medicine, 
DOI 10.1007/978-1-4614-8936-8, © Springer Science+Business Media, LLC 2014 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Subacromial/subdeltoid bursa (SASDB) corticosteroid injection with ultra- 
sound guidance 

Findings: An ultrasound evaluation was performed of the {RIGHT/LEFT/BILATERAL} SASDB using a 12 MHz linear 
array transducer. The supraspinatus was visualized with the SASDB just superficial sliding under the acromion. There was a 
small amount of fluid and bunching of the bursa seen with dynamic testing. 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The {RIGHT/LEFT/BILATERAL} SASDB was evaluated under ultrasound using a 12 MHz linear array 
transducer. The findings are described above. The {RIGHT/LEFT/BILATERAL} subacromial region was then prepped with 
betadine and a sterile probe cover applied. The probe was positioned in the coronal plane parallel to the long axis of the 
supraspinatus. A wheal of 2 mL of 1 % lidocaine was injected as local anesthetic. A 25G 1.5" needle was then inserted about 
2-3 cm from the lateral end of the probe and directed towards the SASDB using an in-plane approach under direct ultra- 
sound visualization. After negative aspiration, 6 mL total was then placed consisting of 40 mg Kenalog and 5 mL 1 % 
lidocaine without resistance. Excellent flow and fluid distention was noted in the bursal space confirming placement. There 
was no bleeding or complications. Post-procedure impingement maneuvers yielded no residual pain. Post-procedure care 
instructions were given, including applying ice with 15-min intervals up to three times daily for the next 48 h as needed. The 
patient is to follow up with us in 2 weeks for reevaluation and was instructed to contact us with any questions or concerns. 
The patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Lateral epicondyle percutaneous needle tenotomy with ultrasound 
guidance 

Findings: An ultrasound evaluation of the {RIGHT/LEFT/BILATERAL} common extensor tendons (CET) was performed 
with a 12 MHz linear array transducer. The CET appeared to have mild heterogeneity, focal hypoechoic areas, tendon thick- 
ening, mild cortical irregularity, and a few punctate calcifications consistent with tendinosis. 

Procedure note: After risks, benefits, and alternatives were discussed, the patient signed informed consent. The 
{RIGHT/LEFT/BILATERAL} lateral elbow region was evaluated under ultrasound using a 12 MHz linear array trans- 
ducer. The findings are described above. The {RIGHT/LEFT/BILATERAL} CET was then prepped with betadine and 
a sterile probe cover applied. Using an in-plane, long-axis, distal-to-proximal approach, the area was infiltrated with a 
25 gauge needle. Gentle percutaneous tenotomy was performed with 3.0 mL 1 % lidocaine without epinephrine under 
direct ultrasound visualization. There was no bleeding or complication noted. Post-procedure care instructions were 
given, including applying ice for 15 -min intervals up to three times daily for the next 48 h as needed. The patient is to 
follow up with us in 2 weeks for reevaluation and was instructed to contact us with any questions or concerns. The 
patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Carpal tunnel corticosteroid injection with ultrasound guidance 

Findings: An ultrasound evaluation was performed of the {RIGHT/LEFT/BILATERAL} carpal tunnel using a 12 MHz 
linear array transducer. The median nerve appeared enlarged, swollen, and flattened in the carpal tunnel, measuring # in 
diameter and #cm 2 in cross-sectional area. The flexor retinaculum appeared normal/thickened. The radial and ulnar arteries 
as well as the ulnar nerve were identified. 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The {RIGHT/LEFT/BILATERAL} carpal tunnel was evaluated under ultrasound using a 12-10 MHz linear 
array transducer. The findings are described above. The {RIGHT/LEFT/BILATERAL} ulnar-sided distal wrist region was then 
prepped with betadine and a sterile probe cover applied. The probe was positioned in the axial plane along the distal wrist 
crease. A 25G 1.5" needle was then inserted about 1-2 cm from the ulnar side of the probe above/below the ulnar artery and 
nerve and directed towards the median nerve using an in-plane ulnar-sided approach under direct ultrasound visualization. 
2 mL total was then placed consisting of 20 mg Kenalog and 1.5 mL 1 % lidocaine adjacent to the median nerve. Excellent flow 
of fluid was noted above/below the median nerve. The patient had increased numbness in D 1-3 confirming median nerve block. 
There was no bleeding or complication noted. The patient tolerated the procedure well and was instructed to apply ice for 
15-min intervals PRN. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Greater trochanteric bursa corticosteroid injection with ultrasound 
guidance 

Findings: An ultrasound evaluation was performed of the {RIGHT/LEFT/BILATERAL} lateral hip using a 5-10 MHz linear 
or curved array transducer. The gluteus minimus and medius muscles were visualized inserting onto the anterior and postero- 
lateral facets respectively. Both tendons appeared thickened with cortical irregularity at their insertion zones, heterogeneous 
in appearance without focal tears, consistent with mild tendinosis. There was a small amount of fluid identified in the subglu- 
teus maximus (greater trochanteric) bursa. 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed 
the informed consent. The {RIGHT/LEFT/BILATERAL} trochanteric bursa region was evaluated under ultrasound using 
a 10 MHz linear array transducer. The findings are described above. The lateral hip region was then marked, prepped with 
betadine, and draped. A sterile probe cover was applied. The probe was positioned in a coronal oblique plane parallel to 
the long axis of the gluteus medius tendon. A wheal of 2 mL of 1 % lidocaine was injected as local anesthetic. A [22/25] 
G 3 " spinal needle was then introduced using an in-plane approach. After negative aspiration, 5 mL total was then placed 
consisting of 40 mg Kenalog and 4 mL 1 % lidocaine was then placed under direct ultrasound visualization and without 
resistance. Fluid distention was appreciated on ultrasound confirming placement. There was no bleeding or complications. 
Post-procedure palpation yielded no residual tenderness. Post-procedure care instructions were given, including applying 
ice for 15-min intervals up to three times daily for the next 48 h as needed. The patient is to follow up with us in 2 weeks 
for reevaluation and was instructed to contact us with any questions or concerns. The patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 

Viscosupplementation injection with ultrasound guidance 

Joint 

Knee, shoulder, hip 

Side 

Right, left, bilateral 

Substance 

Hyalgan 

Lot number 

12345 

Expiration date 

12/31/2015 


Findings: An ultrasound evaluation was performed of the {RIGHT/LEFT/BILATERAL} knee using a 12 MHz linear array 
transducer. There was a {SMALL, MED, LARGE} effusion noted. The quadriceps tendon appeared normal. 

Procedure note: The {RIGHT/LEFT/BILATERAL} knee was examined using ultrasound, with the findings as noted 
above. After risks, benefits, and alternatives were discussed, the patient signed the informed consent. The {RIGHT/LEFT/ 
BILATERAL} knee joint was evaluated under ultrasound using a 12 MHz linear array transducer. The {RIGHT/LEFT/ 
BILATERAL} superolateral knee region was then prepped with betadine and a sterile probe cover applied. A wheal overly- 
ing the target of 1 mL of 1 % lidocaine was injected as local anesthetic. A 25G 1.5" needle was then inserted into the 
suprapatellar joint recess using an in-plane approach under direct ultrasound visualization. Hyalgan 2 mL was then injected 
into the joint’s suprapatellar recess under direct ultrasound visualization. Excellent flow of fluid was noted in the joint 
space. There was no bleeding or complications. The patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Plantar fascia corticosteroid injection with ultrasound guidance 

Findings: An ultrasound of the {RIGHT/LEFT/BILATERAL} foot was performed with a 12 MHz linear array transducer. 
There was thickening, hypoechogenicity, and cortical irregularity at the calcaneus consistent with plantar fasciitis. 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The {RIGHT/LEFT/BILATERAL} foot was evaluated under ultrasound using a 12 MHz linear array trans- 
ducer. The findings are described above. The {RIGHT/LEFT/BILATERAL} medial hindfoot was then prepped with betadine 
and a sterile probe cover applied. A wheal of 2 mL of 1 % lidocaine was injected as local anesthetic. A 25G 1.5" needle was 
then inserted about 2-3 cm from the medial end of the probe using a medial-to-lateral in-plane short-axis approach under direct 
ultrasound visualization with location confirmation by long-axis out-of-plane visualization. After negative aspiration, 4 mL total 
was then placed in multiple locations superficial and deep consisting to the fascia consisting of 20 mg Kenalog and 3.5 mL 1 % 
lidocaine. Excellent flow of fluid was noted around the plantar fascia. There was no bleeding or complications. Patient reported 
100 % immediate pain relief following the procedure. Post-procedure palpation yielded no residual tenderness. Post-procedure 
care instructions were given, including applying ice for 15-min intervals up to three times daily for the next 48 h as needed. The 
patient is to follow up with us in 2 weeks for reevaluation and was instructed to contact us with any questions or concerns. The 
patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/Fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Trigger point injection with ultrasound guidance 

Findings: An ultrasound of the {RIGHT/LEFT/BILATERAL} rhomboid muscle was performed with a 12 MHz linear array 
transducer. Viewing longitudinally, the layers noted include subcutaneous tissues, trapezius, rhomboid, ribs, pleura, and 
lungs. There were focal, hypoechoic regions within the rhomboid muscle combined with probe pressure confirm the trigger 
point and the pain referral pattern described. 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The {RIGHT/LEFT/BILATERAL} rhomboid muscle was evaluated under ultrasound using a 12 MHz 
linear array transducer. Ultrasound was medically indicated due to the thin layer of the rhomboid muscle and its close prox- 
imity to the pleura and lungs. The findings are described above. Using color Doppler, no vasculature was identified within 
the needle path. The upper back region was then prepped with alcohol. The probe was positioned perpendicular to the long 
axis of the rhomboid muscle. A wheal of 2 mL of 1 % lidocaine was injected as local anesthetic. A 25G 1.5" needle was then 
inserted about 1-2 cm from the caudal end of the probe and directed towards the muscle using an in-plane approach under 
direct ultrasound visualization. The needle was guided to the muscle keeping superficial to the costal margin to avoid lung 
puncture. After negative aspiration, 5 cc of 1 % lidocaine was then injected into the area following a dry needling technique. 
There was no bleeding or complications. Post-procedure palpation showed decreased tenderness over the trigger point with- 
out pain referral. Post-procedure care instructions were given, including applying ice for 15-min intervals up to three times 
daily for the next 48 h as needed. The patient is to follow up with us in 2 weeks for reevaluation and was instructed to contact 
us with any questions or concerns. The patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Botulinum toxin injection with EMG and ultrasound guidance 


Muscles 

Biceps 

Brachialis 

Brachioradialis 

Pronator teres 

FCU 

# of locations 

2 

1 

1 

1 

1 

Total dose (units) 

75 

25 

40 

30 

30 

Total dose: 200 units in 2 mL preservative free saline 

Lot# 



Expiration date: 




Diagnosis: Spasticity 

Procedure note: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The muscles listed above were prepped with alcohol. An injectable 3 " monopolar needle was inserted into 
the above muscles using an in-plane approach under direct ultrasound visualization. Live ultrasound guidance using a 
10 MHz linear array transducer was used to avoid neurovascular structures of the arm and forearm. The limb was passively 
ranged and large MUAP activity was generated with passive stretch confirming correct location. After negative aspiration, 
the above botulinum toxin was placed in the various locations. The patient tolerated the procedure well without complica- 
tion. Post-procedure care instructions were given, including applying ice for 15 -min intervals up to three times daily for the 
next 48 h as needed. The patient is to follow up with us in 3-4 weeks for reevaluation and was instructed to contact us with 
any questions or concerns. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Name 

DOB 

Medical Record Number 

Alpha 

5/14/1948 

660000 


Providers 

Physician performing procedure 

Name, M.D./D.O. 

Assistant 

Resident/Fellow/PA/NP 

Referring provider 

Name, M.D./D.O. 

Facility identification: 

Examination date: 


Procedure: {RIGHT/LEFT/BILATERAL} Sacroiliac joint (SIJ) injection with ultrasound guidance 
Findings: No effusion was noted. 

Procedure: After risks, benefits, and alternative treatment options and prognosis were discussed, the patient signed the 
informed consent. The risks include but are not limited to infection, allergic reaction, nerve damage, paralysis, epidural 
hematoma, syncope, headache, respiratory or cardiac arrest, and scar formation. The {RIGHT/LEFT/BILATERAL} SIJ 
was evaluated under ultrasound using a 10 MHz linear array transducer. The findings are described above. The SIJ region 
was then prepped with betadine and a sterile probe cover applied. A 10 MHz linear array transducer was used to identify the 
{RIGHT/LEFT} PSIS in the axial plane. The transducer was moved inferiorly until the inferior sacroiliac joint margin could 
be identified. The skin was anesthetized with 3 mL of 1 % Lidocaine without Epinephrine. A 22G 3 " spinal needle was then 
inserted obliquely in a medial-to-lateral in-plane fashion into the SIJ under direct ultrasound visualization. After negative 
aspiration, a total of 3.0 mL consisting of 1.0 mL of Depo-Medrol (80 mg/mL), with the remainder of 0.25 % Marcaine 
without Epinephrine was then injected into the SI joint, with excellent intra- articular flow noted, and no extravasation of 
injectate. There was no bleeding or complications. Patient reported 100 % immediate pain relief following the procedure. 
Post-procedure care instructions were given, including applying ice for 15-min intervals up to three times daily for the next 
48 h as needed. The patient is to follow up with us in 2 weeks for reevaluation and was instructed to contact us with any 
questions or concerns. The patient tolerated the procedure well. 

Thank you, Dr. (referring provider) for allowing me to participate in the care of your patient. Please do not hesitate to 
contact me with questions or concerns. 
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Caudal, 12, 63, 128, 132, 133 

Cervical dystonia, 101-104, 112-113 

Cervical medial branch block (CMBB), 125-126 

Cervical radiculitis, 123 

Cervical spinal nerve, 123-125 

Cervical vertebrae, 123, 124 
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FCU. See Flexor carpi ulnaris (FCU) 
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Fibula, 62, 63, 69, 74, 75, 82-84, 109-111 

Fibular tendon sheath, 82-84 

First annular (Al) pulley, 37 

First extensor compartment, 31-34 
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Iliacus, 49, 50, 105, 106 
Iliofemoral ligament, 43, 44 
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Iliopsoas, 44, 45,47, 101, 105 
Iliopsoas bursitis, 50-51 
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IOM. See Inferior oblique muscle (IOM) 
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Jumper’s knee, 59 
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Kager’s fat pad, 75, 77 
Kirschner turn (K-turn), 6, 59, 85 
Knee osteoarthritis, 57-59 
K-tum. See Kirschner turn (K-tum) 
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Latent trigger point, 89 
Lateral epicondylosis, 22-24 
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Lateral ligament complex, 23, 24, 69, 73-75 
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Medial collateral ligament (MCL), 61, 62 
Medial epicondylosis (ME), 17-18 
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Median nerve, 2, 4, 29-3 1 , 36 
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Metacarpophalangeal joint, 37, 39 
Midtarsal joint, 77-80 
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Myofascial pain syndrome (MPS), 89-90 
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Neuromuscular, 101-119 
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Obturator nerve, 46-48 
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Physical medicine and rehabilitation, 1 
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Popliteal cysts, 66 
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Popliteus muscle tendon unit (PMTU), 63, 64 
Posterior interosseous nerve, 24-26 
Posterior interosseous nerve syndrome, 24 
Posterior scalene, 93, 112 
Posterior tibial nerve, 85, 86 
Posterior tubercle, 96, 123-125, 128 
Power Doppler, 3, 7, 17, 76-78, 81, 86 
Prefemoral fat pad, 57, 58 
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Pronator teres, 102, 104-106 
Proximal humerus, 7 
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Quadriceps, 57, 58, 105 
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Radial collateral ligament, 23 
Radial nerve, 24, 25, 33, 106 
Radial tunnel syndrome, 24 
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Refraction, 2 

Retrocalcaneal bursa, 75-76 
Rhomboid muscle, 91, 92, 97-98 
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Sacral cornua, 132, 133 
Sacrococcygeal ligament, 132, 133 
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Starry sky, 4 

Stellate ganglion, 128-129 
Stenosing tenosynovitis, 37 

Sternocleidomastoid muscle (SCM), 93-96, 112, 113, 129 
Subacromial/subdeltoid bursa (SASDB), 7, 8, 14-16 
Subluxation, 20, 82 

Submandibular gland, 113, 114, 118, 119 
Submedius bursa, 45 
Subminimus bursa, 45 
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Talar dome, 69, 70 
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Ulnar collateral ligament, 17-20, 23 
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Ulnar neuritis, 20 
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Vagus nerve, 93, 95, 125 
Volar plate, 37 
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Walk off, 5, 14 
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Zygapophysial facet joint, 130 


